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SCIENCE 


In bevine articular cartilage whieh posses nn ex- 
eingly Jew respiration and thereby a relatively 
higher aerubie glycoly-i- than the other tissues nien- 
tienesd, the inhibition averaged 57 per cent. 

Results of a representative experiment with calf 
cartilage are fisted in Table 1. at is seen that glucose 
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mtard- oxygen consumption by 63 per cent. Similar 
effects were obtained by the addition of mannoxe, but 
no effect was obtained with fructoe which ix not 
alycolyzed by cartilage. The inhibition observed in 
oxygen (53 per cent.) was of the same order as in 
parallel determinations in air (59 per cent.). The 
magnitude of the respiratory inhibition in cartilage in 
neither due to a drwy in the pil of the medium inci- 
lent to the high rate of acid formation after the addi- 
tion of glycolyzable hese. to the slices nor to an 
accumulation of glyculytie -plitting products of their 
derivatives (lactate, pyruvate, succinate). Table 1 
shows an exainple of the re-ults obtained with pyruvate 
and snecinate. Pyruvate dues not alter the rate of the 
spemancous UO, con-umetim, but it induces an aceel-. 
eration of the oxygen uptuke if the re-piration ix 
inhibited by glucuse. Succingte* necelerates respira- 
tion in the presence of glucu-e to a greater extent 
than in it< ab-nee. Apparently the addition of glu- 
come suppresses cellular processes which result in the 
formation of pyruvie aml succinie acids since the 
addition of these aeids abolishes more than half of 
the respiratory inhibition by gineo-e (cf. Table 1). 
Elliott and Baker* as well as Victor and Potter* 
wh-erved that the retardation of respiration by the 
addition of gineowe was paralicled by a rise of the 
R.Q, indicating a replacemént of respiratory sub- 
strates of the tiveuc. by the added glneose, The latter 
authors pointed out that the change of the R.Q. afier 
the addition of glueose wan compatible with a shift 


* Lactate tehaves similarity. 


from protein oxidation te carbohydrate combustion. 
Warburg and colleagues showed that the formation 
of ammonia in tissne slices deprived of Rluceme is 
esyevially high in slycolyticnliy active tissues and 
that the adhlition of yfucue inhibited the exeretion 
of ammonia. This inhibition wax considered an ex- 
pression of the protein sparing netion of gluco, The 
investigation of Dickens and Grevitle’® jindieate that 
the oxidation of ylocene rather than its glycolynis ix 
responsible for the retardation of the protein eatab- 
olism. Tt seems puscitle that the addition of glucime 
canses a devrease of oxygen consumption in aneh tir. 
surs in which the hexeme is not oxidized with the same 
velovity as the cellular substrates, the oxidation of 
which it replaces, Such a neehaniom would explain 
the frequent oevurrence of the Crabtree effect in acre. 
hically glyeolyzing tissue where a relatively sluggish 

idation of ylneus coincides with a high protein 
catabolism in the alrence of sagar. 

This tentative explanation dues net intend to imply 
that luce oxidation replaced only the eunbustion 
of protein nor that yluculysis does not prevent tu a 
certain extent protein catabuli-m, a- was suggeted by 
Warburg.” The explanation supports the view, how: 
ever, that the Crabtree effect is not a reversal of the 
checking action of n-piration on glycolysis but a 
parate process which indicates the sparing of eel- 
lular sub-trates by the combustion of extracellular 
glucose. Thos, the Crabtree effect may belong to the 
Teactions whieh underlie the stimulative action of 
re piration on cellular anabolism (Pasteur effcet b). 

The mechani-in of the effect is being investigated 
further. 

(yrto Roagxtuau 
Mornisa A, Rows 
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APFEARANCE OF SKELETAL ABNORMALI-~ 
TIES IN THE OFFSPRING OF RATS 
REARED ON A DEFICIENT DIET 


Tue following observations were made when rata, 
which were reared on defleient diets, wore bred.: All 
rats used were of the Spryue-Dawley strain. One 
group of females was rears on a dict consisting of 
yellow cornmeal 16 per cent, wheat gluten 20 per 
cent., caleiua carbonate 3 per cent. sodium chloride 
C.P. 1 per cent. (Steenbock and Black rachitogenie 
dict No, 2965),' which was supplemented with vios- 
terul (each rat received 60 LU, every tenth day). On 
this dict the animals were retarded in growth and 
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SCIENCE 


development. The vagina opened at the age of three 
to four months, the regular cycles started at between 
four and five months the first mating took place at 
between five and six months, at which uge the rats 
weighed only about 150 proms In this group of 18 
animals, 32 pregnancies were obened. A total of 
164 young was bern either spontaneously or by 
cesirvan section; of these, 107 were apparently nor- 
mal, while ST presented multiple congenital abnor- 
malities. 

An abnormally short mandille was found in 39 ani- 
mals, This defect was sa marked that the tongue was 
exposed to a lance extent. Many animals also had 
deformed extremities. Syndactylioa of different 
Rrades was oh-erved in 32 young. A short tail was 
seen in 12 animale One hundred and four of the 
young were clean by the Spaltehelz methad to facili- 
tate the study of the skeleton. In 42 of these speei- 
mens the lower legs showed nvluction in size or abeence 
of the tibia; in 20 the fibula was sheortenal or als-ent; 
in 22 there was fu-iow of the ribs: and in 14 there 
was furion of the centers of ossification of the emum. 

Another group af females of the sine strain was 
Twand on a more adequate dict consisting of yellow 
commeal TS per cent, wheat gluten 15 per cot, cal- 
cium carbonate 1 per cent, sodium chloride CDP. 1 
per evnt, and dried pig liver 2 per cent.2 This dict 
revnlted in much better growth and development of the 
animals, This groap cunsi-ted of 2% femal which 
had 29 pregnancies resulting in 294 young. Nene of 
the latter Showed deformities of the mandible or ex- 
tremities like thane de-erited in the previous group. 
The only external almonnality ob-verved in the off- 
spring of the animals on this diet was alxence of the 
tail in one animal. Fighty of the 294 young were 
cleans, but they showed none of the skeletal deformi- 
tie found in the previous grunp. 

A third group of 12 female rats of the Sprague. 
Dawley strain wae raised on an adequate dict (Bill's 
edification of Steenbock’s stock diet)? Thirty lit- 
ters bern fo these animals consis.ed ef 216 young. 
One abnormal animal was noted in this group. It 
weighed only 2) gras and when cleared) showed short 
femurs and an abnormal sternum. One hundred and 
nineteen young in this Kroup were cleared, but they 
showed no abnormalities, 

At the present time we are extending these experi- 
ments along both genetie and nutritional lines. 

Josey Wankaxy 
Roser. C. Nut.sox 
The Crimes’ Hoxrttat Rraraace 
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MODIFICATION OF THE CHEMISTRY AND 
PHARMACOLOGICAL ACTION OF THE 
CARDIAC GLYCOSIDES! 


Autensation of the molecular xtructure of a drug 
frequently results in mordifieation of ite pharmacologie 
netion, The digitalis bodies exist in nature ax chemical 
combinations of one or more sugars with hydrosylac- 
tones of sterol hydrocarbons, This suggeats the pes- 
nibility of modifying the digitalis bodies by replucing 
the sugar with a vasodilator, thus oltaining a cardine 
Rlyconide molecule which might embody the de-irable 
therapeutic actions of beth drugs. 

Two molecules of theaphytline can be combined 
chemically with one molecule of a genin obtained hy 
removing the sugar radieal from a -quills glyeoside.? 
Thi dimethylsanthine genate can be prepared ws short 
weedle Lhe yellow crystals having a moleeniar weight 
of 759.2 and an emyurieal formula ot CoS HAG O09 Ns 
(presumably C24 H28 OF (CT WZ O2 N4) 2 2H20), 
When injected intrveneny!s 
this theophyiinated genin is much greater than that 
whieh might be expected on the ba-is of the amount of 
Renin usd in its preparation. The lethal dese of a 
Mevhanieal mixture of theeplyltin and the genin, on 
the other hand, is in proportion to its Benin content. 
The theophy lineal genin, the sjuills glycoside, the 
mechanical mixture, and also digitalis ~bow the same 
prearession of chetrocardiographie changes; T wave 
inversion and ventricular premature beats occur with 
the same deres of frequency, whike nodal rhythm and 
ventricular tachyesrdia appear after Approximately 
the name peroentaze of the lethal dese. Changes itt the 
S-T segment, however, appeared in a far lower per- 
centage of the animals given the theophstinated genin 
than in those given digitali., squills glycoside or a 
nevhanieal mixture of theophyllin and the squills 
genin, 

Thee preliminary studies suseest that dimethyl. 
xanthine and the sqaills genin have been combined in 
a single molecule retaining sore of the digitalis-like 
propertios and medifying othera, Further studies of 
the chemies! and pharmacoalugieal properties of this 
preparation are nevessary as well as clinical studies to 
ascertain the therapeutic value of the drag. 
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THE NATURE OF THE ANTI-ALOPECIA 

FACTOR 

It has recently been shown! that the moure requires 

a new vitamin for nermal growth and for mainten- 
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au Estimation. of ascorbic neid by the indophenaol 
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Neray photosiaphs were tnken of the rats after ceding groups bound 2 also failed to reveal any 

A had beon given for 20 days significant efivet of excessive Vitamin Aon ascorbic 


one tat hedcnudation sren 
Postermertean examination revered subcutancous 


L intrame-cular awmerrhages in some of the 


excess of witatuan 
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given a basal diet similar to that used in Exp. 
the dried yeast was increased’ To JO parts with ao reecived the same Niet with excess of vitamin aA. 
View to improving appetite. Group I (Centrol’) of and with the addition of Jing. daily of enleiferal, 
five animals received 4:5 2. of the basal diet daily Fractures developed ins all these animals within 
mixed with 15 g. of plrin arachis oil. The vitamin A Lb days. and in seme rats hacmorrhuagic lesions 
mlowanee was 1000 i. pee week. Group 2 (Vita: round the eyes were hotiesd. At autopsy no litres 
niin A exeess') teceived the same diet, bat the muscular haernorrhiuse wits found, but the muscles 

of venous 


neachis oil contained 49,000 iu, of vitamin Aacetate of the legs had a purple colour SUBESTIVE 
daily. Group 3 (Oxidized vitamin A") had the same congestion. s 
dist as group 2. but the oil had been aerated on a The injection of rihonin A. When young rats 
boiling vorter-barh until the viumin A,asmeasnred — were injected with norsive doses of vitamin A their 
je reaction, had ull been yeaction never mounted to more than a temporary 
cramping and twitching of the mu-cles of the tind 
Jegs. In no instance did an animal die as the result 


by the artineny trichlovic 


destroyed. : ee 
The the grep given cycns of Vitainin A acetate 
one tar tart a limb fractured after 7 dings. while of this treatiaent. 
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The eficet of eveeesive cilamin Aon 
yertalion in the ral 


Several series of experiments were carried out to 
decile whether the uterine hacnerrhage observed 
by DGartvecll te proumant rats given buye ancounts 
Of cosbdiver ait cen be ascribed to vitamin AL The 
tml procedure was to take mature femeles, which 
frat receivectea mixed diet of matural food-tufs, and 
to place them towetherwith males ancl SPevinitezoa 
wert cietected mn the vavinnl smear. The mite was 
then removed, and the diet of the fermmle was 
chanced, immediately or after an interval to a 
pouiied ration which contamed vicanin A dissolved 
imanailyvoesdian. Ininost of the experiments the 
dict useal contained Casein 20). sacar 40%. dried 
venst &%G. salt mixture 3%, wield far 50%, the solid 
cempovents ang Att being mined topether just before 
feeding. In some experiments the composition of 

the diet was varied slishtix, the main diferences 
being a reduction in the fat to 20°, and the replece- 
sient Gf the cricd veast by ai equal aucun of 
yaarmite., Neevidence was obtained to sucie: t that. 
these minor alterations simiiicantly affected the 
course of pestation. Oo the ether land, the ingidence 
of hacmorchage was vitally affected by the stage at 
which excess of vitarnin A was introduced into the 
Het. 
dfrssiee doses of ctamin A, Vitainin A acetete 
wadvivenat che rate of 45,000 pu. daily iade up 
inarachis oilis 20°, of the diet. Other rara received 
See We fe La vite A daily ae hotnn diver 
eal, The specie: a used was kindly supplied by Ailen 
A Handurys Ltdh. aod contained: 50.000 pau. 1 
was dated with arachis off to make 86", of the 
iot. Sinihar results wereobiained with bowl sources 
efsitanin Nene! forthe soko of shoplicite thoy may 
he combed (see table at head of mene ecluoo). 
Hacmorrhccre was first noticed between the fifteenth 
amd tweatyetist day of prevoaney in differens. 
eatmials. Tnspcetion at antopsy of the uteri ef rats 
vehiehs heed Gab too Daveortboce stpteetod Char 
the bbe occurred at Gee junction of the plicentas 
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Teal t tation without 
newer Uterine or fistal 
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given erp orbs fron thage 
(a) Within 10 days Ig G Uy) 1 
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(4) Mote then lu days : 0 0 BY 
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and cudgmetrimn. The placenta was sOMeT INES 
pertioly deduwehed, and ihe endometrium eroded, 
Histotesivul examinations iacdionted the presence of 
extensive extravesations of blood at the junction of 
the plncentac and eadometium, but in View of the 
presence of maternal blood sinuses in this region 
daring. normal promney the certain detection of 
abnormelity was dificult. In agreement with the 
View that the retro-pirveental ‘hacmorchaye 
cured suddenly the structure of the for 
peared to be more oy less normal, 

Tt aust be emphasized’ that litters have been 
counted as “delivered whether alive or dead. In 
preetice the animals could not be watched con. 
tinuously, aud often it was de Nicult todceide whether 
nevloctod fitters had been horn alive or dend. Even 
when the young were born alive they were not 
reared valores the mother’s mtion was changed toa 
mixed dict of notural foo dcudys. 

High doses of vitamin A, oN veterinary cod-liver 
oil compound’, contiining S00 Lan of \ itimin A g., 
was given as 20°) of Use diet from the time of 
fertiiaation. The daily intecke of vitamin was ubout 
1OGU ju. The results were: 
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Th this experdnent mocnite was piven in place of 
the usueladsied veasi, In one of the four rams w hich 
survived porturition the hater was accompanied by 
more profuse heemerrhiage than is used Or fives 
other rats which were civen the ail as 30°) of ther 
dict, four batters, Fa che remainin: rat ne signs 
of iptimtation were foaml at autopsy, 
Precing with marine ads low in vitamin AA stale 
spoimen of sardine Gil, several years oll and brown 
Hi Coloadt, Was GIVEN To TWO bats as hO® | of che diet 
om the tine af comus. Breet whale oif was iven 
to AN Other mits. Bor the purpose ef another in. 
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fiehorets bas one wardune off deelined: in’ weight 
theo chest the expepunert ond becaine very ema. 
woes AEN theorl were notem tciated, 
mid atl copes ured strrertioialhy in weed health. 
Neotel hacnerrhace was noticed in any of 
theorate recewvang enthier oid, 

Lhe inedtonee of cterine haemorrhage in relation to 
he rhacin A Ju all these experiments on 
repodtetive abnermtities uterine hacmorrhage 
Cherefore: only resufied whea exeest of vitamin A 
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wes civen withen bodays alter ecitus, The ingidence 
of hiner te in rate wiven Giis within this period 


pinay Uses scareatrectagends 


Incidence of uterine 
hacemorrhare 
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} out of 11 
Oout of s 
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Hocmoritaae in adult wetiepreqnant rats given 
In the experiments on the 


vavese of vitae ole 
effects of vitaaiin A 
described in a preceding paragraph, hacmerrhage 
in sites other than the uterus was observed ti three 
etaees. Tn two animals subcutaneous hacmor- 
thieves were Found am the hind legs. Ao careful 
Giention Cath te reveal any corresponding 
fiactiie of tee totes. The third rat apparently bled 
eeobethoes tee tecuitof a aimoer injury eaused by 
sifenida teat ss gated be hind the ear. 

Well voatlanobsereed btcmorrhage in sone nate 
“hats wheeh for tue purpose of anuther investigation 
Load deta ssvets ob chet eb “at in Vitamin By with 
tester tent addition ad Seago hu. of vitamin A 
weatdeeronk Gaiy two out of six rats 
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DISCUSSION 


Vhe results 
tle: 
Purest availalde form is toxie when given in pent 


The lesions in hyvecretaminasis A, 
descnitsel above dadicete thet vitamin Ao in 


excess. Ttisamprababte, hewever, Chat all the ty pres 
Of fssions which have been reported as the result of 
overdosing with crude concentrates are equally 
specie. Skeletal friccares and dntemorriiages ure, 
in our experience, the most charnceteristic lesious in 
genuine hypervituomosis A. The fractures occur 
treet Consistently in vouns svowing rats, and were 
found without exception iu the pee oont experiments, 
Hvemorrhage is also frequent, if not invariable, in 
the fractured donbes foo oedult rats the bones ore 
probably more resistant to fracturea, sinee we de. 
tected no Lreakaces iv our older aniaiuth:. Tacmor- 
rhave. however, was frequent, aldhough ieregular in 
it: incidence, distribution and severity, bleeding 
wats sometimes fo ad im the limbs of mits which 
appeared to be in good health before they were 
hilbal Ta others heavy mmorernal hacmerrhiage inte 
the Viseern, or external diaemerriace through a 
minor wound, was rapidly fatal. The nteriie hacinor: 
rhage in preement rats, originally deseribed by 
Hartwell (1927), appears te bea special inanifesta. 
tion of the genern! liability vo bacmorrhage in 
hvporvituminosis A, 

Inamany of our entine!s a rawness of the skin wos 
often seen areund the eves, nose and mouth, This 
injury was undoubtedly due to overdosing, with 
Vitamin, but in view of the wide variety of oils 
which product: skin lesions it is to be considered a 
less specitioe lesion than fracture or hacinorrhaye, 
We tuive been unable ty cemeoduee the fatal eramyps 
Which Matsuoka (i034) observed as the result of 
injecting vitamin A Concentrates, Pe was, however, 
fully aware that the efiect could be jraduced bs 
substances other than vituinin A. 

Huyyervitaninos’y And seurvy, Mouriqguand & 
Michel (2022) claimed that coud-liver oil antagomzed 
Vitinin A in wuines-piss, ctusiy scurvy even when 
lemon juice was vjven. Catletn a durdisen (EGS) 
sUppotted this contention wath peyvaid to cod-liver 
oil, but found that a qodentite exes af attundis 
Sand D had no injurouseticet. Ab houch noriustlly 
the vat is net hable te scurvy, since atts able to 
sVuthesize ascorbie agid, Vedder & Ru senberg (19) 
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Hey: Betta: Atnaies edtha33), 

: are Sout: rats ore Thee peranres to 
Voie Praetures tleen ohler animal otso reealls the 
Eider teerd nee of sheletat lesions in infontile thes 
Ba edale bian seurse, beast be neted, however, 
theta nets with hivoervitamings’s fractures near 
te the centee of the -hatt of the bone are the Most 
Preto feature, he separation of the epiphysis, 
aenl fractures in the rewion wear the vrowing end of 
the fone tewloech the human infant is particularly: 
Vallee nie, oon satmetines present, but perhaps less 
Ota Vee teen te kad, 

Attica discussion of the points of similarity 
and diicrence beuween the eruss lesions in hyper. 
Vibaniesis And in scurvy is made diticult by the 
Vatianots widel exist between the three moditiea: 
focteetservys as found ie juvenile and adult human 
sibercts and ia thie ON perinen tis wulnes-pin. Even 
we were taaiathe the assumption that the symp: 
toma in PV pervitanatiesis Aare due tea eonditioned 
form of sents voit weuld be too much to expect that 
the cor timation of bets in the rat should either 
Besctuhh ane paride form of scurvy as found in 
thereon anand, or shout melude all the lesiens 
Wine dy aie dotued jn ail forms of scurvy. While 

Pow eted, the aed oatcal resemblanee between the 
fesiene an hvpervitetsnesis A and in SCUrVY is in 
emporio biseds eb ooudent on our interpretation 

cw at the pores osc ueve implies, we dave been 
teccenhint the view that a secondary ele. 
Natt © cin he detected in hyper. 

ts AC bree aienl tncans. Thas we were 

wetting fen Mertea A eethate cithor te repent 
ation ot Veshlon & Ro eben (1988) that 
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Ube ayFote treat eprpsaee ba eae CXperunents, how. 
ever. ne boreit was derived Moor doses of Dine, of 
oMleiferoh An view of the CONTCHEN OF oreit PONE) 
of etlorforol it bray bie: Decensary to nedyust the dose 
cHiehally in onder to Provide protection aueainss 
CSCC OF Miter Naa cap ebdirass must be taken 
te indtente only that ano POOLCCTION We exerted at 
the levels eho sen. Additions) allowances of the 
Vitamin Boeomplex have alse been found to be 
beneteil to antuals HIVEN OXCceSS Of Marine oils 
(Hartis & Moore, 128; Bell, Crevary & Draninnond, 
195). Accordime to Vamuaimoto (i934) and Yo dhida 
(1837), however, the extre Viluimin 1 complex, of 
Which the active constituent is rib. avin, counter. 
nets Che iujurions edfeer of bier toeatureted ueida 
rather thauof vitamir A. lite Presentexperiment 
the efor of Varying the allowance of the Vitaaein Bs 
complex was not INVestijratea xystomutionlly, bit 
such changes as were made from time to time dad 
little or no obvicna effect on the development of 
hypervitaminosis A, 


SUMMARY 


1. Wypervitaniinosis A was induced in rats by 
giving them orally MAMssive doses of cither Crys tiuiline 


"Vitamin A xeetate or hadibut-Lver oil, 


2. The most characteristic lessons were skeletal 
Tacttres, Which occurred most consistently in young 
abdtuals, ang) iniesunl oe extort haemorrloie, 
These injuries bore shine superficial resembles to 
those found in hunian and experimental scurvy, 

3 Phe uterine haeiurrhave in Pregnant rots 
een excess of cod-liver oil, first revorted ty 
Hartwell, wis reprodiiee:! in aniials HIVER CROCE 
of cod-liver oil, halibuteliver cil or Vituumin 4 
acetate, This hacmerrhae eppears to be a apeoial 
manifestation of Cae general liability tohiemorriiae 
in hypervitaminosis A, 
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Several w urkers have shown that CI” retards the EXPERIMENTAL 

aerobic oxibeion of ascorbic eid by Cu (De Caro 

& Ginn, 134; Nellie & Zilva, 135; Mysthowski & ' aN Methods 

Tarserkay 1559), Manson (1941) found that Bro teagenta, The chemical salts used were of AR. purity. 
wed Poinhilatod this reaction even more than does Glasy-distilled water was ie cl. 

Ce dee tort Re had no inhibitory effect. Moreover, FP caxidase, Nzcut-Gvorsvr (Ms) Lanter (VG) are 
At lows eooecntratioms, the jens Ch ker aiid Huai: (2937) found tig ealy crude pres rations af yo 
oxidise were Able Co promote the oxidation Ob Rscorbie ace 
by HO). whereas puratiost Peepitations were mpadde te ato 
“This we were able to contin. Up Ts sud Barteddy: set at 
eur disposal a reries of prrosidase Pepto pameie + 
from crite extracts te material of high pomtys the pus 
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pected sclative innocuousness and therapeutic 
ineffectiveness of , mercurial diuretics in  pa- 
tients with renal disease may be related to 
the presence of marked proteinuria. 
Addendum. After submission of this paper. 
we became aware of work done by Havill, 
Lichty, and Whipple,(21) showing that the 
tolerance of dogs for mercury bichloride was 
increased by frequent hemoglobin injections. 
It seems reasonable to assume that the mecha- 
nism of protection from the toxic action of 
the metallic ion was similar in this instance, 
since hemoglobin, like albumin, is reabsorbed 
by the proximal tubule cells until saturation 
of ‘the reabsorptive capacity occurs, although 
Havill and his co-workers did not relate the 
protective effect to the occurrence of hemo- 
globinuria, which they did not measure, sug- 
gesting instead that the pigmented moiety of 
the hemoglobin molecule was responsible for 
the protection. 
Tel. Havil, W. WM, Lichty, 4. A, Jr, and Whip- 
ple, G. UL, J. Exp. Med., 1932, v55, 627, 


Summery, Administration of human al- 
bumin to rats, with resultant proteinuria, Prior 
to administration of mercurial diuretics, 
sharply reduces renal toxicity of the mer- 
curial. This effect is attributed to inhibition 
of mercurial reabsorption when the tubules 
are saturated with protein. 

Simultaneous administration of human al- 
bumin and the mercurial enhances toxicity. 
This cffect is attributed to the more rapid ab- 
sorption of mercurial, concomitant with more 
rapid reabsorption of ‘protein during the tubu- 
lar Juading phase. 


The author gratefully acknowledges the jnval- 
unble technien) assistance of Helen J. Ureen and 
Ruth Taniguchi. Dro Leland J. Rather reviewed 
the microscopic sections mude for preliminary 
studies, The definitive studies were aided by Dr. 
Marry Goldblatt, who kindly reviewed and de- 
seriled the microscopic sections, 
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Fetal Death and Maldev clopment Resulting from Maternal Vitamin A 
Deficiency in the Rat.* (17543) : 


James G. Witson aNp STEPHANIE Bancit (Introduced by Karl E. Mason) 


From the Department of Anatomy, School of Medicine and siuiapiek ce University of Rochester, 
Rochester, N.Y. 


The course of pregnancy may be severely 
altered by feeding female rats a dict restricted 
in vitamin A, the severity of the alteration 
being roughly proportional to the degrce of 
vitamin deprivation. Death and resorption of 
the fetuses, prolongation of pregnancy, and 
delivery of stillborn young were reported by 
Mason(1) and Cannon(2) who employed de- 
ficient diets with little or no supplement of 
vitamin A or carotene. Warkany and Schraf- 
fenberger(3,4) using similar dicts supple- 
mented with small amounts of carotene also 


* Supported by a grant from the Nutrition 
Foundation, Ine., New York, 

1, Mason, K. E., 4m. J. Anaf., 1935, v57, 303. 

2. Cannon, M. 1., Proc. Soc. Exr. Bio. anp 


Mem, 1940, v44, 1299. 


noted a high incidence of fetal resorption; 
but, by interrupting pregnancy at various 
times from the 13th day to term, they were 
able to obtain a number of living and recently 
dead fetuses and newborns suitable for histo- 
logic study. The eyes of these offspring were 
fiuind to bear several developmental anomal- 
ics, notably: folding and eversion of the reti- 
na, persistence of the choroidal fissure, ab- 
sence of the ciliary body, and postlenticular 
fibroplasia. Thus, deficiency of vitamin A 
in the dict of female rats prior to and during 
pregnancy not only rr reduces fecundity by 
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3. Warkany, J., and ‘Schraffenberger, E., Vaec. 
Sor, Exp. Biot. axp Mep., 1944, v57, 49. 


4, Warkany, J., and Schraffenberger, E.. Arch. 


Ophthal, 1946, v35, 150.- 
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causing fetal death and resorption, but also 
causes develupmental anomalics in many of 
the fetuses that escape intrauterine death. 

The widespread interest aroused by the 
success of Warkany and his collaborators in 
producing congenital malformations by means 
of maternal vitamin A deficiency makes it 
desirable that the work be repeated in another 
Iaboratory. To, date the only published ac- 
count of attempts to repeat the experiment 
elsewhere was that of Jackson and Kinsey,(5) 
who did obtain a few newborn rats with ocular 
malformations; but the positive results of this 
investigation were of such limited nature as 
‘to cast doubt on the facility and regularity , 
with which such defective young might be pro- 
duced. One of us (J.G.W.) has been asso- 
ciated with Dr. Warkany in a morphologic and 
embryologic study of the malformed fetuses 
and newborns obtained from the experiments 
carried out in Cincinnati. Since certain ma- 
terial needed for further investigation of this 
subject (placentae and early embryonic 
stages prepared especially for histochemical 
study) was not readily available from Dr. 
Watkany’s laboratory, it was decided to pro- 
duce it in this laboratory. The present report 
relates the repetition of the original experiment 
and, in addition, presents some observations 
not previously recorded. 

Experimental, Vitamin A deficiency was 
induced and maintained by the same diets and 
experimental procedures as were employed in 
Warkany’s original experiments,(3.4) except 
for the quantity and method of administra- 
tion of the carotene supplement, and a few 
other matters of incidental nature specified 
below. Rats of two strains were used, the 
Albino Farms and the Wistar; the latter had 
not been used previously for this type of ex- 
periment. 
the experimental procedures was detected in 
animals from the different sources, the matter 
of strain will recvive no further mention. A 
total of 36 young females were raised from 
weaning on a semipurified, “preparatory” diet 
which contained very little vitamin A or caro- 
tene. To insure continued growth to maturity 
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3, Jackenn, B., nnd Kinsey, V. H, dm. J. 
Ophthal, 1946, ¥29, 1236, 
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a 1S microgram dose of carotene in olive oil 
was administered orally each week. Presum- 
ably this dosage did not permit appreciable 
storage of vitamin A. When the animals had 
attained a body weight of about 160 g, each 
female was given an opportunity to breed with 
a male of the same strain fed an adequate 
diet. If mating occurred, as indicated by 
presence of sperm in the vaginal smear, thee | 
female was transferred to a more highly puri- 
fied diet which was adequate in all known 
respects except for the lack of vitamin A. No 
further supptemental dosing with carotene was 
given. The day on the morning of which 
sperm were found in the vaginal smear was 
considered the‘first day of pregnancy. Eight 
control females were fed the same diets and 
subjected to the same procedures but were 
given weekly supplements of 150 vg of caro- 
tene, both prior to and during pregnancy, 
From the experience of other investiga- 
tors,(1,2,6) it was expected that a large per- 
centage of the pregnant females on vitamin 
A deficient diets would resorb all of their con- 
Ceptuses at some time before term. On the 
other hand, Warkany and “toth(6) found that 
approximately 25¢¢ of the conceptuses which 
survived until the latter part of pregnancy 
were developmentally normal. The margin 
between fetal destruction and normal develop- 
ment, therefore, appears to he very nartow, 
One of the aims of the present experiment was 
lo attempt to establish criteria by which one 
might predict ultimate destruction of the con- 
ceptuses, thereby making it possible to obtain 
prior to death embryos which were destined 
to undergo resorption later. Mason(1) ob- 
served that the presence of cornified cells in 
the vaginal smear during pregnancy was fre- 
quently associated with subsequent fetal 
death and resorption. Warkany and Schraffen- 
berger(4) considered excessive amounts of 
blood in the vaginal smear and a loss of 
weight hy the mother as indications that re- 
sorption had already begua. It was hoped that 
by carefully watching for all of these signs 
(cornified cells in the vaginal smear, exces- 
sive blood in the smear, and loss of weight 


6. Warkany, J., and Roth, C. B,, J. Nutrition, 
1948, 35, 1. ' 
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TABLE L 
Course and Termination of Pregnancy in Vitamin A Deficient and Control Rata, 
Oe 


Days of pregnancy on whieh untoward signs - 


were observed 


Age of fctuscs 
when removed 
or dclivered, 


— 
Cornified eclls 
in smear 
(255¢ or more) 


—_ a 


6-16, 18, 20 
71-14, 17, 18 


19 


G-18 


2 
4-11, 13, 14, 17, 18 


13-16 
§, 10,11 
8-15 


1-13 
9-11,13 
4,9, 14 


18,14 
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by the mother) the future course of preg- 
nancy might be determined with some degree 
of accuracy. 

Fetal death. Of the 36 females raised until 
maturity on the preparatory diet 34 mated as 
indicated by sperm in the vaginal smear, but 
only 30 were later verified to have become 
pregnant. The first 16 pregnancies, after ‘be- 
ing transferred to the more highly purified 
dict, were allowed to continue to term or until 
there was definite evidence of prior resorption 
of sume of the fetuses. Thus, this g:oup provid- 
ed a check on the reliability of the proposed 
criteria to be used in predicting intra-uterine 
destruction of the fetuses. Only 3 of these 

° 16 pregnancies were sufficiently uneventful 
that they were allowed to proceed to the 22nd 
day of gestation (Table 1). Thirteen were 
interrupted earlier by killing the mother when 
it was judged unlikely that any of the con- 
ceptuses would survive until term. Such judg- 
ment was made after at least two, and usually 
all, of the following signs became positive: 1) 
259 or more of cornified cells in the vaginal 


Abnormal blood 
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38,20 ° 
10, 11, 16, 19 
19 


smear during pregnancy; 2) blood in the 
vaginal smear in excess of, or at times other 
than, that characteristic of the “placental 
sign”, which appears normally as a trace be- 
tween the 1ith and 15th days; and 3) a loss 
of weight by the mother, particularly after 
the 10th day. 

It is apparent from the data in Table I 
that these criteria were of value in indicating 
In the absence of 
cornified cells and abnormal quantities of 
blood in the vaginal smear, a majority of the 
fetuses may be expected to survive until the 
22nd day, as was observed in 3 vitamin A 
deficient and a Jarge percentage of the control 
mothers. Conversely, cornified cells, to the 
extent of 25% or more were observed at one 
lime or another in 11 of 13 females whose 
pregnancy was later interrupted. All fetuses 
in 9 and several in the remaining 2 pregnan- 
cies were dead or already undergoing resorp- 
tion. Two A deficient females, whose preg 
nancy was interrupted for other reasons, 
failed to show as much as 25% of cornified 
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Abnormal cye of a 22-day rat fetus, from a vitamin A defigient mother, The nervous 


layer of the retina is deeply folded, contains cysts, and is everted on to the pigmented laver 


in the region of the optic stalk and along the persistent choroid fissure. 


The vitrcous chamber 


is reduced to a small cone-shaped volume which is filled with fibrous connective lissue and rem- 


nant» of the hyuloid artery, 
x 25. 


etinal colubuina was present but is not apparent in this section, 


Fic. 8. Ectopic openings of urctcrs in a 19-day rat fetus from an A dcficient mother, The 
left ureter js sovn to terminate in the urethra, at some dixtunce below its usual termination at 
the base of the bladder (normally attained by the 17th day). The right urcter emptied at an 


even Jower level in the urcthra, x 25, 


Fic. & Worsexhue kidney ina 19-day rat fetus from an A deficient nother. x 25, 


Fie, 5. 


Persisting interventricular foramen in the heart of a 19-day rat fetus from an A 


deficient mother, The furamen is normally closed by the 17th day of gestation. >< 25, 


Fia. 6. 


Right-sided sorta and right-sided ductus arteriosus in a J9-day rat fetus from an 


A deficient mother. The left subelavian artery $4 also anomalous in that it arises from the 
descending aorta and passes behind the csuphague to reach the left shoulder, 25. 


tells at any time during pregnancy; and both 
yielded some living young. 

Blood in the vaginal smear, in excess of 
or at times other than that seen during the 
placental sign, was noted in all of the preg- 
nancies which were later interrupted (Table 
I). This would seem to be in itself an ex- 
cellent indicator of fetal destruction, were it, 
not for the fact that a subjective estimate of 
the quantity of blood is necessary when it 
appears at the same time as the placental 
sign. <A further limitation of this criterion 
was noted in that, prior to the 15th day, death 
and partial resorption of all fetuses often oc- 
curred before excessive blood was present in 
the vagina. On the other hand, when re- 
sorption of some conceptuses began during 
the last third of pregnancy, the quantity of 
abnormal blood was roughly proportional to 
the extent of fetal destruction. Two controls 
showed what was judged to be abnormal 
Dlocd, and in both cases there was evidence 
that resorption of some fetuses had begun late 
in pregnancy. 

Loss of weight in the mother was recorded 
for all but 2 of the pregnancies interrupted 
prematurely. Also, it was observed in 3 of 
the contruls. The degree of loss was of more 
significance than the mere fact that a female 
failed to gain weight. Both. the degree and 
rate of loss appeared to be determined by the 
number of fetuses undergoing resorption at 
any one time, as weil as by the size of the 
fetuses at the time of their death. 

Thus, of the 3 criteria used in following the 
course of pregnancy in vitamin A deficient 
females, no one was found to entirely reliable 
. as an indicator of fetal destruction. However, 


‘embryos and 


«hen all 3 of these signs became positive 
during pregnancy, several if not all of the 
fetuses of that pregnancy were later found to 
have undergone intra-uterine destruction, 
Pregnancies interrupted after the appearance 
of only 2 of the criteria, despite the fact that 
they were not interrupted immediately, gen- 
erally yielded some living young. 

In an additional group of 14 vitamin A de- 
ficient females (not included in Table 1) 
pregnancy was interrupted immediately when 
the second of any 2 of the signs described 
above became positive. Accordingly, all of 
these were killed between the 11th and 15th 
days. Of this group, 12 females yielded in- 
tact embryos, and all but one of these con- 
tained more intact than resorbed embryos. 
This procedure, therefore, proved successful 
as a means of recognizing impending destruc- 
tion of the conceptuses, thereby providing 
placentae which, although 
doubtless affected by maternal vitamin A de 
ficiency, had not yet begun disintegration. 
This material is being prepared for histologic 
and histo-chemical study of the early stages 
of abnormality in the embryos and of possible 
associated changes in the placentae. 

Malformation of the surviving fetu::s. 
Nineteen of the vitamin A deficient females 
mentioned in the preceding section yiclded 
offspring suitable for histologic study, but 
only the fetuses of 15 days gestational age or 
older have yet been examined for malforma- 
tions. Of the 7 “litters” comprising the latter 
group (Table 1), all but one contained mal- 
formed fetuses. The one litter of normal off- 
spring was from one of the 3 pregnancies which 
procecded to term without appreciable indica- 
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tions of fetal destruction. No malformations Cardiovascular anomalies were found in comprising the ust 


or other abnormalities were found in the off- 
spring of the control animals, which were fed 
the same diets and subjected to the same pro- 
cedures as the A deficient mothers except that 
the’ controls weie given 150 micrograms of 
carotene per week, both prior to and during 
pregnancy. 

From the 6 abnormal *itters older than the 
_14th day, ‘at least 2 and in most cases all of 
the young have been serially sectioned and 
studied. Abnormality of the older fetuses 
was eviderit before sectioning by external ap- 
Pearance alone: the characteristic edema of 
head, neck and thorax was apparent to a vari- 
able degree in all (Fig. 1 a and b). Hemor- 
rhage in the region of the eye and prenatal 
opening of the lids were occasionally noted. 

Warkany and collaborators(7) have report- 
ed'that ocular abnormality was the most pre- 
valent type of developmental defect resulting 
from material vitamin A deficiency. This 
was substantiated by microscopic study of 


animals from the 6 abnormal litters listed in’ 


Table I. All such animals examined had 
ocular anomalies, the more common of which 
‘were: folding and eversion of the retina, 
presence of a mass of fibrous connective tissue 
in the much reduced vitreous chamber, per- 
sistence of the choroidal fissure (coloboma), 
and absence of the ciliary body (Fig. 2). 

Genito-urinary organs also were frequently 
found to be the sites of malformation in earli- 
er observations.(8) The same types of de- 
fects have again been encountered in a similar 
percentage of animals. Among the commoner 
abnormalities in both instances were hypo- 
plasia of renal parenchyma, renal ectopia, ec- 
topic ureteric openings (Fig. 3), incomplete 
development of Miillerian ducts, abnormal re- 
tention of heterologous genital ducts in both 
sexes, aplasia of vagina and faulty differentia- 
tion of the urogenital sinus. Less frequent 
abnormalities were horseshoe kidneys (Fig. 
4), cryptorchidism, hypospadias, and atresia 
of genital ducts and ureters, 


7, Warkang, J., Roth, C. B., and Wilson, J. G., 
Pediatrics, 1948, vi, 468. 

8. Wilson, J. G., and Warkany, J., 4m. J. Anat., 
1948, +83, 347, 


449% of a selected group of fetuses and 'new- 


borns from vitamin A deficient: mothers-in‘a~ 


previous study.(9) In the Present, somewhat 
smaller group of animals an even higher inci- 


dence (more than 60%) of malformations of 
the heart and major arteries was observed." - 


In general, the anomalies were of the same 
type, but a few varieties not previously seen 


were encountered. Failure of the interventric- | 


ular septum to close. was again the most com- 
mon defect of the heart (Fig. 5). Variations 


in the aortic-arch pattern frequently observed: ° 
in both instances were: ‘distally-arising right: - 


subclavian artery, right-sided. arch ‘of aorta 


(Fig. 6), double arch of aorta, absence of 4th | 


arch, absence or bilateral persistence of the 
dluctus arteriosus, and absence of a pulmonary 
artery. - 

The occurrence of keratinizing metaplasia 


in epithelia of the lower. xenito-urinary tract. 


of the offspring from A deficient mothers has 
been interpreted as indicating that such off- 


spring had themselves experienced in ulcro a 


state of deficiency similar to ‘that in- the 
mother.(10) The same interpretation may 


be applied, to the present group of: animals, — 


in which metaplastic keratinization was again 
observed in the genito-urinary tract of fetuses 
older than 18 days gestational age. 
‘Summary, ‘This report constitutes a con- 
firmation of the original experiments-of Wark- 


any and co-workers in which congenital mal-. 


formations were induced in fetal and newborn 
rats by maintaining the mothers on vitamin 
‘A deficient diets. In addition, a method has 
been standardized which permits prior recog- 


‘nition of imminent death and resorption of 


the conceptuses, thereby making it possible to - 
collect many severely malformed fetuses that 


would otherwise be destroyed in utcro, Three’ 


criteria that proved reliable in‘-anticipating - 


prenatal destruction of fetuses were:. 1) the . 


presence of more than 25% of cornified cells 
in the vaginal smear at any time during preg- 


nancy; 2) the presence of blood in the vaginal"... 
smiear in excess of or.at times ‘other than that ©.” 


9. Wilson, J. G., and Warkany, J., Am, J. clnaly <> 


1949, v85, 118. ae: 
10. Wilson, J. G., aud Warkany, J., Proc. Soc. 
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Mononecceosis, Serum Sickness, Ber‘ ErytTHrocytTe 
. 


comprising the usual placental sign; and 3) 
a Joss of weight by the mother after the 10th 
day of pregnancy. 

Malformations involving the eve, cardio- 
vascular system, and genito-urinary tract 


- 693 


were found in the fetuses or newborns from al] 
but one of the pregnancies from which intact 
offspring were obtained after the 14th day of 
gestation, 


Reecived October 26, 1949, P.S.EBM, 1919, 072. 


Beef Erythrocyte Extracts Reacting with Hemagglutinins in Infectious 
Mononucleosis and in Horse Serum Sickness. (17544) 


H. Scuwarzweiss* Axv J. Toucsix 
From the Hygienic Institute, University of Basel. 


In previous publications(1,2) it was demon- 
Strated that 2 serologically active substances 
can be isolated from the stroma of beef eryth- 
rocyics; one reacts with the hemagelutinins 
that: are formed in infectious mononucleosis, 
the other, with those formed in horse serum 
sickness. The stroma of beef erythrocytes 
was first exhaustively extracted with acetone 
and then with 100% cthanol at room tempera- 
ture, thus removing serologically inactive 
substances to a large extent. In order to 
isulate the specific reactants the stroma resi- 
due was then extracted with boiling 100% 
ethanol, and subsequently, with boiling 80% 
ethanol. As can be scen from Table I, the 
80% ethanol extract yields the so-called 
mononucleosis antigen (M.A.) and the ex- 
tract obtained with boiling 100% cthanol, 
the so-called serum sickness antigen (S.S.A.). 
Complete and distinct separation of the two 
serologically active substances could not be 
accomplished. The fractions do not cor- 
respond to pure haptens. However, on the 
basis of serological activity it could be as- 
sumed that the individual fractions were only 
2-6% contaminated by the heterogenic frac- 
tions. Since the individual fractions are 
serologically highly active it was thought 
probable that they might demonstrate sig- 
nificant chemical differences which might 


* This work was carricd out by grant in aid 
from the Roche Research Fund, Basel, Switzerland. 

1, Schwarzweiss, H., and Tomesik, J., Proc. 
Soc, Exr. Bio. axp Mrn., 1948, v69, 558. 

2. Tomesik, J., and Schwarzweiss, H., Proc. 
Soc. Exe, Biot. ano Mrp., 1948, v69, 562. 


point to the nature of the individual haptens. 
On the basis of previous investigations the 
nature of these haptens was disclosed only to 
the extent that they were found to be ther 

mostable, not digestible by trypsin and pep- 
sin, and‘did not give reactions characteristic 
for proteins. This report deals with the 
chemical analysis of the serologically active 
fractions of the becf erythrocytes. In addi- 
tion, the glucose and glucosamine content 
after hydrolysis is presented. 

Acthods. 1. The C-, H-- and N-- deter- 
minations were done according to Preg\’s 
method of quantitative elementary micro- 
analysis, 

2. Phosphorus was determined as am- 
moniumphosphomolybdate, 

3. The reducing power was determined ac- 
cording to the Hagedorn-Jensen method and 
calculated for the glucose equivalent. The 
fractions were hydrolyzed at 100°C with 2 N 
HCl far 2 hours, then neutralized. . 

4. The glucosamine determination was done 
according to the method of Boyer and Fuerth 
as modified by Brunius.(3) 25-75 mg of 
dry substance were suspended in 7.5 ml of 
4 N HCI and diluted with distilled water to 
10 ml. This was hydrolyzed at 100°C in a 
sealed test tube for 5 hours. After filtration, 
whenever necessary, color clarification was 
effected by charcoal adsorption, This solution 
was carried to dryness over KOH and redis- 
sulved in 2 ml of distilled water. This, after 


in ait an eee EO eed 
3 Brunins, F. E., Chemical Studics on the Truc 


Forssman Hapten, ete. A. B, Fublersants Bok- 
tryckeri, Stockholin, 1936, p. 141-144, 
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1 vitamin C can be detected in hypervitaminosis A hy biochemical means. 
{ Thus they were unable with Pure vitamin A acctate, either to repeat the 
| observation of Vedder and Rosenberg (1938) that ascorbic acid affords 
protection avainst excess of vitamin A concentrate, or to detect any ab- 
normalities in the ascorbic acid metabolism in hypervitaminotic rats, 
| Walker, Eylenburg and Moore (1947) reexamined the effect of vitamin C 
on hypervitaminotic rats, and found that the ascorbic acid gave no 

protection against cither hemorrhages or fractures. 

With regard to the mechanism of the intoxication of vitamin A, very 
little is Known. Moore and his collaborators conclude that it is due to too 
rapid absorption of vitamin A and not to direct toxic 
Stores of vitamin A in the livers In Walker, 
experiments on rats, examination of the vit 
failed to reveal any definite level of the vit 
with distinct symptoms of hypervit 
that experimental and Clinical ob 
mechanism for the mainten 


presence of toxic symptoms, but the 
overwhelm the ability of the liver ¢ 


2. Hypervitaminosis A in Man. 


Little is known about the toxic effect of excess of vitamin A in man, 
Rodahl and Moore (1943), from chemical and biological investigations — 


of the livers of polar be i and bearded seals 


huge amounts of vitamin A since a consumption of 
about three-quarters of_a pound would Provide 7,500,000 I. U. vitamin A 
which, on analogy with rats, would be a toxic quantity. The symptoms 
of this acute polar bear liver poisoning, which may start within two to 
four hours, are drowsiness, Sluggishness, irritability or an irresistible 
desire to sleep, severe headache and vomiting. In severe cases peeling 
of the skin around the mouth appears after twenty-four hours and may 
remain confined to the face, or the whole skin from head to foot may 
be involved. 

In a more comprehensive study of the toxic effect of polar bear liver, 
Rodahl (1949, 1, 2,) confirming this conclusion, found that the livers 
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such as polae bear, bearded: seal and Greenland fox "vere “very rich j in 

‘Which are considered 
non- -polsonous by the I: skids, “contained only ‘small amounts of its of vitamin 
A. In experiments on rats the toxic. substance: “Of bedreliver was found 
to be identical with vitamin A, and ‘ingestion: ‘of fHlarixe" “quantities of bear 
liver led to the coridition of -hy pervitaminosis, ‘AL: The’ Clinical symptoms 
“Oo. acute intoxication observed vin rats following “the: ingestion of larye 
‘single doses of vitamin -A could well be. ‘conipared witl: the symptoms 
observed in man following a single meal of bear or. seal liver. 

Rodahl_and_Moore (1943) also mentioned a man who took about 
6,000,000 Lu. vitamin A daily for five days, in the form of halibut liver 
oil. He became severely ill, the 1 main symptom being giddiness. ~The 
patient recovered within ten days after the —e- of the halibut liver 
oil had been discontinued. 

Some workers have reported that. diosanalivels small doses of 
vitamin A may give rise to toxic symptoms in man. Thus Getz etal, 
(1939) reports that 2,000,000 I. U. vit: A in a single dose may give a 
duil headache, and Spiesman_ (1941) | has seen adults who suffer from 
general malady with loss of weight and appetite on only, 14,000 I. U. 


daily. On the other hand, others (Bicknell and Prescott (1947)) have - 


given 144,000 I. U. daily for many weeks with no ill effects apart from 
an occasional transient diuresis at the beginning of the treatment. In 
children doses of 300,000 I. U. daily for_severat wecks or several months 
appeared to be harmless (Lehman and “Rapaport (1940)). 

Prolonged administration of vitamin A in iarge amounts may, on 
the other hand, be dangerous. Thus Josephs (1944) has reported a case 
of severe hypervitamir sis A in a three years old boy, who from the age 
of two or three months was given one teaspoon of halibut-liver oil daily, 
corresponding to approximately 240,000 _U. S. P. units is_of \ vitamin A. 
It was found that his height was normal for_his age, but his scalp hair 
was scarce, dry and coarse, and he had no hair on his body, nor had he 
any eyebrows. The condition was characterised by hepatomegaly, spicno-_ 
megaly, hypoplastic anemia, leukopenia, increased serum vitamin A, in- 
cyeased_serum lipids, advanced_skelctal development and clubbing « of 
the fingers. The erythrocytes sedimentation rate was 6 mm in one hour 
on one occasion, and 0 on two others. Roentgenograms of the chest and 
skull showed no abnormalities, but those of the limbs revealed consider- 
able irregularity of the cortical structure. In the phalanges and meta- 
carpals the cortex was extremely thin and the epiphyses of the upper 
end of the humeri and tibiae were mottled in appearance. It was found 
that when the extra supply of vitamin A was removed, the improvement 
was immediate. Within two months the appetite had improved, the 

patient had gained weight and his hair + had begun to grow quite normally. 
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Mis prohabic that the observed epeetial stinctnres are 
ie be Garced as hyperting they avise trom interac. 
fions between the miaseietic moments of the nitrogen 
and Uydroges ntelos in cach molecule with the may. 
uciie monn of the add electron, Despite the con. 
plexity and Lieadth of the speetea of their dilute soln- 
fives, the crystals of the nitro-free radicals exhibit 
wingle sharp live The trinitrefluerencne derivative 
Yieids a rather broad, unresolved resonance poak. 14 
is possiile that the fine structure in this case, os in 
the «:se of many other free radicels, ig unresolved 
beenu-~+ of its complexity. This complexity arises from 
the Jarge number of nuclear moments with whieh the 
tlecirovic moment interacts. 

Aithough the fuct that sodium m-tal catalyzes the 
polymerization of unsaturated compounds has been 
kavwn for a Jong time, there is no general agreenent 
concerning the meciuunism of this etalysis (8). Two 
mts af experivents have been performed’ with styrene 
whirh indicate that the function of the sodium metal 
is to bring about th: furmation of a nezative hydro- 
carbon free radical. This free radien) jon then initinte, 
the chain reaction jovelved in the polymerization, as 
sugxeted be Bolland (9) for the sodium-catalyzed 
polyniccizstion of jsoprene. In one experiment a sinil 
muewnit of sodium dispersion was added te a sample 
of styvene, after some hours the -tyrene had heen 
converted to a deep-red, rubbery solid which showed p. 
strong puramagnetic resonance alsorption. It is.be- 
Heved that the red color and the paramagnetic absorp- 
tien sre dus fo speeics suck as (O,21,CIZ=CIT,)- 
which were trapped in the polymer. The material re- 
tained its paramagnetic resonance alsorption and its 
color over a period of severi.d mouths. In other ex- 
periments, styrene war dissolved in  1,2-dimethoxy- 
etane und a sinal! amount of sodium dispersion was 
added, A very visorous reaction set in hamediately, 
accompanied by the formation of a decp-vrange color. 
As fie rvection subsided, the reaction mixture became 
Very viscons and the orange color gradnally faded 
awny, Since 3,2-dimethoxyethane, as mertioned above, 
favers’ the formation of negative Jiydrocarhon free 
redirals, if is believed that these observations are 
further evidence that the actual polymerization eata- 
lyst is a specics such as (C,JI,CII= Cli,)-. 

Various investigators have sucesicd (10) that sh- 
Norval growth may be explained py a free radical 
mechanism, Perhaps the enrcinosenic activity of 20- 
“nethylehalanthrene aud 1,2-henzauthracene is due to 
their ability te form negative hydroeahon free radi- 
cal, with mild reducing agen{s, whereas noncareino- 
genie hydrocarbons such as naphthelene and anthra- 

SA similar phenomenon wan firet clserved in dipheny)- 
per ieydazyl dilute solutions of which Lave heen found by 
Jin won, Vertue, and Kowaleky (5, Checa, Phye,, 20, bert 
{is > te show typerine eiructnre ecvering ateut 20 
oersteds, The cryetnis, on the other hand, show a @ingle 
shurp fine aluwut 2 erates wise. 

Rt wbitisbd be noted that thle experiment te not readily 
reproducible, Ju view of the campetition between the fornme 
tien of the cuialytle epecten, (OUMCUHC,)) and the many 
procesves by whieh bt may Giaappeat, tt in not curpridng (hat 
the magnetic absurption phenomenon ba diicult to reproduce, 
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cene are able to fonn such free radiends only with 
very strong redicing agents." 
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Excessive Intake of Vitamin A 2s a Cause of 
Congenital Anomaties in the Rat* 


Sidney Q. Cohlan 

Department of Vediatrics and Leboretories, Beth Yerael 
Hospital, Departricat of Pediatrics, New York University 
College of Medicine, and Children's Medical Service, 
Bellrwne Hospital, New York 


. Congenital aiomalies have been produced jn animal 
young when the fetal environment has been jnflu- 
enced by chemical, endocrine, mechanical, and actinie 
factors (1). Changes in atimospheric pressure (2) 
(hypoxia) und cdministration of cortisone (3) have 
recently heen shown to exert teratogenic effects. Simi- 
larly, deficiencies in the maternal dict of single nutri- 
tional elements such as aninerals (copper [4] and 
iodine [5]) wud vitamins (rilofavin [6], pantothenie 
acid [7], folic acid [8], and vitamin A [9, 10})} linve ine 
duced defective offspring. Reports (11, 12) of vitamin 
A excess in the maternal dict have shown a diminished 


lifter rate aud n high incidence of fetal resorption tm 


utero, Tn the course of our investization of the skele- 
fal changes of hypervitaminosis A in mature rats, it 
was noted that several pregnant animals produced off. 
spring with congenital malformations, An snvestiga- 
tion was undertaken to atudy {his phenomenon, 

One hundred and fifty female rats of the CF Wistar 
strain (175-200 ¢) were mated by exposure for 24 
hr, during the pre-ocstrous stage, to males of the sane 
strain. Pregnant females were fed the standard Rock- 
land ywllet diet and water ad lib. From the 2nd, 3rd, 
or Sty ty the 16th day pat coitus, 35,000 IU vitamin 
A in 0.7 int dilacnt? were administered daily, via slom- 
ach tube, to 100 animuls in the experimental group. 

PAWed by nroutn from the Joyal Sangue for Piilanthre- 
plea, Inc., New York City, and Mead Jobusou Co, Vrunaville, 
oe Vitamin product used wan wu squeoue preparation 


contatning 60,000 US usec tutnend viteinin A dlepersed fe 
worethitan inonalnurace and water, 
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FReiPence OF CONQUNITAL CRANIAL AXOMALY 
eS LE A 


ee 


_- 


° No. with Gestation 

Animal — Neo OF congenital dnya fea’ 

ne. ae ernninl 35,000 11) 

* anomaly vitnmin A 

oe EE IS 
a4 10 a d-16 
| 30 6 ‘ 4-16 
t dee 6 4 4-16 
' ' 30 6 3 4-16 
i &Y 9 5 3-16 
i es 11 3 3-10 
! 79° 8 9 , 2-16 
00 3 1 ee . 816 
93 & 6 2-16 
300 8 rf 2-16 
Tutal 89 (54%) 
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Fifty control animals were fed 0.7 m) of the diluent. 
The avimals were xacrifieed on the 20-2ist day post 
cuitus (at or near term), and cach litter was ex- 


skull and brain, a deformity rate of 54%. Tu the con- 
tro} group no anomalies were noted in 410 offapring. 
Tie gross developmental defect npparent in each of 
the abnormal offspring rats is an extrusion of the 
brain (Fig. 1) fe the external stvfnee of the head. 
There is a thin membranous covering over the exposed 
brain tissue, Sporads: anomalies nated were macro- 
glossia, hurelip, cleft palate, and gross defects in eye 
development. The cranial deformity, however, was & 
consiatent finding. Jt is of interest that comparable 
cranial anomalies (ax deterinined by photographie 
similarity) have been produced in mice by other terato- 
genic methods such as hypoxia (2) induerd hy exe 
posure of the pregnant animal to attnospheric pres- 
sures of high altitudes, or by the translocation effet 
(14) in the seeond-generation offspring following ir 
radintion of the initial xire mers 
Results of this preliminary experiment indicate that 
the administration of excessive amounts of vitamin A 
to pregnant rats produces a diminished litter rate and 
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terad choxe-up of experimental aninal showing hrate 


Fu, 4. A, lateral view sf experlinental and control rat at term, A, 1A 
extruded ta nurface uf head. Protrudiug tongue Ia atmormal. C, viowe-up view of extruded braia frum above, Note Jongitudinal 


Dounure of the cerebrum, 


an ined for grows congenital defects. In both groups 
m wt of the young were alive when removed from the 
aianiotic sae. Ali were placed in fixative solution for 

i bistulogic study. ‘ 
Lixcessive intake of vitamin A from the 2nd, 3rd, 
or 4th io the 16th day of gestation resulted in a 
P ' marked reduction in the number of litters carried to 
: term. Of 30 cuntral muted females, 44 produced Jitters, 
: with a total of 410 apparently norma! newbor::, & #te- 
aa ee f cessful pregnancy rate of $850; whereas of 20 mated 
: females in ihe experimental group, only 10 carried 
i t young to jerm, with a tutal of 74 uffspring, 8 sucerss- 
fu) pregnancy rate of 10%. This murked pregnancy 


: Suilure rate is in accord with previous reports (11, 12). 
' Tho incidence of groxs congenital defects in the lit- 
‘ ters curried to tern in the experimental group in seen 


in Tuble 1. Of 74 offspring produced in 10 Jitters, 34 
exhibited a gross anomaly in the development of the 


characteristie malformations “among the surviving 


young. 
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EXCESSIVE VITAMIN A AND CONGENITAL 
ABNORMALITIES: s 


Eaperimental studies have showa that a lack of vamia 
A in the maternal dict during gestation results in wide- 
spreid structural abnormalities in the young. Pregnant 
rats insintiined Ga a vitewin A-deficicnt regimen have 
been reported to kave fewer live young and an increased 
incidcrce of fetal reabsorption. Their yousy show an 
increased proportion of ccagenital defects in the visual, 
Cu.rdiovascular, or geaitouinary systems.'! Conirary wise, 
it has secenily been found ? that excessive intake of vita- 
min A aisu caused cuayenital defects to appear it off- 
soring of mothers that received this supplement. One 
hundred fifty female rats were studied after being mated, 
Oite hundred received orally 35,000 1.U. of vitamin A per 
ey tom the cad, 4rd, or 4th ta loth day post conus, 
White the 50 control aniinals ceceived ny extra vitamin. 
AN cnimals were killed at. of neac, teem and the young 
caamined for gross conzenital defects. 
la the control group, 44 of the $0 rats produced litters 
‘vith a total of 410 apparently norinal. young being 
fornwed, ‘thus, 88% of the animals of the control groug 
had suzeessial preynancics. On the other hand, of the 
109 cats mated ihat received excess emuuats of vilunin 
A, only 10 carried yosny to ths cad of the sindy (10% 
oLecessful pregnainics). Thus, 5845 of the animals whose 
inothers received exces.ive aniounts of Vitamin A showed 
congenital defects, while no conzenital defects were ob- 
retved in the control group. Canial deforiaities wove 
ward coastently in the young of the “2st group, In this 
defo.tnity there was ar eatrusion vi the orain to the 
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exteraal surtces of the head, with a membranons film 
coverias the exposed brain surface. I> addition ts the 
sku'l detormity, other congenital defezts were elso noted 
sporadically, such as haretip, cleft palaie, und defects in 
cye development. 

“These studice indicate that ingestion of excessive 
amounts of vitamin A by pregnant animais as wei! us 
severe sestriction of this dietary factor prodiecs severely 


Celesious developmental eflects, un ehiervation which 


suggests that there is an optimal rane of vitamin A dos. 
age just as there is for other dietary essentichs, / 


BRUCELLOSIS 

In the fast twa years notable advances hava been made 
in our knowledge of brucellosis, ad this has been pre- 
sented in a tecisical report fiom the Worid Heslth Or. 
ganiziiion. infection with Bruce!la abustus may remain 
inapparent or subsliaical ur it may become manifest us 
an acute febrile discase of timited duration ur a lonz. 
continued disease with periodic exacerd.tions, A positive 
culture is the orly sure criterion of ghe presence of th: 
disease, This may be from the blood, vane marrow, 2 
recently enlarged lymph neste, the cerebrospinal fual, 
urine, or discharge from an alsscess.: Other diasnostic 
aids are (1) the scro-srztutination test. which whea 

wrried out with 9 suitulr's antigen and satisfetory tech: 
nique almost always gives a sipnific.nt positive resu’t iq 
the presence of active infection (positive reactions of jew 
ited slgeld be rechecked); (2) the coupleaicieefaation 
test, which, although used by some. i¢ buivved by the 
Eaport Cenunittes to have no practical valuss (3) the 
opsonocytephagic test, which the comuiu-tee also repzeds 
as unsuitable for diagnostic use des its the fact that it 
has its adherents; (4) the intsaderuai test, which where 
Pesilive unfortunstcl; denotes only that the pationt has 
had previous contact vith Br. wbertus bet aoes not ind- 
cate active infection; ond ($) a nocmat leukocyte count 
of leukopenia with or withous a relative lyaiphoeytosis 
ina febrile patient, which while not pathugnemonic is 
nevertheess suggestive of bruceltgsis and chould lead to 
the taking of cultures, 

OF all the possivle souzers of culture material Syiak 
and ais co-workers ? believe that siciaal natsow yleids 
the greatest percentage of positive results, The sporial 
culture wedivms now availabh. ure censored supecies 
to puinca pig inoculation, These authors fod the azgluti- 
Kation test of apccial value ‘n patients wha have besa 
eapiccahy treated with antibiotics with the cosult Grad 
culiures are negative, but they warn tus there fs a wie 
variation in the reliability of antigens sad tat false posi 
tive cesulis may coeur as a result of c1.28 agyuiaation 
if patients with tularemia o¢ paticnts woo have brea 
imuaunized against cholesa, 

Ebewhere in this issue Sink ocd Thompson (pas 
I1G2) rept two cases of human infoniua wih Re 
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‘DISTURBANCE OF EMBRYONIC DEVELOPMENT 
BY MATERNAL VITAMIN DEFICIENCIES s 
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The topic tu be diseussed represents but a small sector of 
the field of prenatal nuiritions Even te scetor cireum-cribed * 


8 on 
hy the title uf ghis paper hax grown tuo large to he covered 


completely in this conference. It will he heeessary, therefore, 
tu limit thix presentation to certain phases of the work which 
demonstyate the role of vitamins in the development of mam- 
malian cmbryos, Jnstead of aiming at completeness it seemed 
preferable te point out some of the ramitecations of our sub- 
ject which reach into other fields discussed in this sYunposiuin. 

Many forms of reproductive failure may be caused by me- 
ternal vitamin deficiencies: sterility, fetal death, resorption 
or abortion, neonatal weakness or death of the ofspriag 
are probably the most frequent results of maternal dietary 
deficieney: they are results of practical importance in animal 
vax Well ax in human repreduction, “Malvormutions’ were 
onitted from this list since they can occur at any staxe of 
development and play a part in many forms of reproductive 
failure. Under adverse conditions few deformed fetuses reach 
the natal period and “teongenital’® malformations are, there 
fore, velatively rare manifestations ef maternal dietary de- 
ficiency. Tiwy occur in exceptional cases as the result of 
borderline defiviencies which injure the developing embryo 
but peruit continuation of pregnaney. Mitigation of a Lo#- 

* The werk freq thie institute wae supported fa port br graute free The Nett 
ten Foerdation, In, Xew York, X.Y. 
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derline deticieney leads, ax avrule, to the birth of vernal 
young. but further deprivation eads to embryonic death 
(Warkany, °47). 11 is dificult, therefore, to obtain congenital 
malformations of dietary origin, The investigator who tries 
to produce such malformations resembles a tightrope walker - 
who is constantly in danger of falling te one side or the other. 
Tt is understandable that failure and disappointments are + 
not rare ie this fickd: yet the results are of considerable in- 
terest, sinee they permit au insight ime embryonic develop 
nent which cannot he obtained by other methods, An attempt 
will be made to justify this statement by the following ex: 
amples, 
Reproductive failure owing to v Vitamin A deficieney has heen 
etadied by niamy investigators (Evins nnd Bishop, “2: 22; Mason, 
>). Jn the course of such studies conmaite| ates have 
Teen observed occasionally (Zilva ef al., “21; Maove, m0). 
e o~ See - 
+ Bar it was Hale (33, 35, 37) who first ea conv incing 
proof that cousenital malformations can he induced in pigs 
hy paternal vitemin A deficiency. This investigator fed gilts 
of known stock a dict deficient in vitamin A and possibly in 
other nutritional factors. The offspring showed mieroph- 
thaines ur anophthalnoes, accessory ears, cleft: palate and 
“harelip, subentancdas cysts, mid ectopic kidneys, Hale proved : 
the nutritional origin of these malformations by preventing 
them in contrel animals when the experimental diet was sup- 
pemented with cod liver oil or green fodder, He also proved 
that genetic factors could be ruled out as the cause of the mal- 
formations, since m: ings of abnormal sons to their mothers 
or of aluormal brothers to theiy almormal sisters resulted * 
in normal off>pring if the females were fed an adequate diet 
during pregnancy. A different type of congenital Ulindness 
caused hy bony constriction of the optic nerve and attrilutahle 
te carotene deficieney of the mother was yeported in calves 
he Moore and coworkers (%5). Extensive studies along these 
lines were made possible when we found that congenital mal. 
forumations could le induced in rats by maternal vitamin A 
deficiency (Warkany and Schraffenberger, °46). The dict of 
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the pruxpective mother must he controlled soon after weaning, 
By adding measured amounts of carotene to a vitamin A-free 
diet the females are enabled to grow and mature without 
mtoring vitamin A. The day after conception they are given 
a completely vitamin A-free dict. In thix way young can be 
obtained which show a syndrome of congenital malformations. 
Externally, these youn may appear normal but sometimes 
they are characterized by marked edema, The eve, which is 
ane of the mast frequently aifected organs in this syndrome, 
shows a variety of anomalies (fig. 1A) but in all abnormal 
eyes a fibrous retrolenticular membrane is found. The retina 
ix often foldeal and of abluormal structure; there are many 
iustances of coluboma and of eversion 6f the retina; the iris 
aud the ciliary body are rudimentary; the cornea may be 
fused with the lids: and “open eyes’? are observed in rare 
causes, Malformations of the nrogenital tract follow next ip 
frequency. Tn many animals the lower poles of the kidneys 
are close together and their pelves are not dilated. In more 
severely alfected animals the lower poles of the kidaeys may 
le fused and horseshoe kidneys are formed (fig, 1B) (War- 
kany and Roth, 48). Serial sections revealed many additional - 

+ anomalies of the urogenital systen (Wilson and Warkany, 
“48). A high perevntage of these young have diaphragmatic 
dernins, more often on the right than on the left side (fig. 1.C). 

The interventricular septum of the heart may remain open 
hevond the age of normal closure (fi. 1D) and aortic arch 
anomalies of many types can be discovered in serial section 

- (Wilson and Warkany, 49). Tn these experiments rats of 
several strains were used and the same types of malforma- 
tions were dulauced by maternal vitamin A deticiency irrespee- 
tive of the stock employed. Females of the same strains 
reeviving adequate diet or the experimental diet xapplemented 
by vitamin A did not have abnurmal young (Warkany and 
Rchrafeulerger, 40s Wilson and Barch, °49). 

Figure 2A shows the incidence of anomalies in one repre 
xentalive yroup of abuonnal young with the vitemin Ade 
ficiency syndrome. In this experiment 336 of the young 
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Fig. 3 Cougenital anemod.e in Seung of vitamin A-deticleat female rate 
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B. Xection through olelenen (x G1. cluming marke! elena of subretanceus 

: Tierur awd Caches of lence pales of kiduere (hurseshue kidney). A 
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> Were abnormal. Of these abnormal, over MM? hed both ocu- 
lar aud urogenital anomalies, 8 had diaphragmatic hernin, 
while ouly 175 had cardiovascular malformations, This xyn- 
drome can be modified by interrupting the maternal dietary 
deticieuey hy administration of a single large dose of vita- 
min Aon certain days of xestation, Vitamin A-depleted 
mothers were given the single vitamin A supplement on dif. 
ferent days, some on the tenth, others on thesleventh, twelfth, 
' thirteenth, fourteenth, and tif teenth day of cestation. It was 
found that the ereentaze of abnormal younz became mmaller 
the earlier the snppletment was xiven. But it was also found 
that the prevalence of certain auemalies changed according 
te the date of vitamin A administration and that the pattern 
Was affected. If, for instance. vitynin A was administered 
On the thirteenth day the ocular and urogenital anomalies 
were markedly reduced, while the incidence of cardiovascular 
anomalies wax relatively increased (fix. 20). The change 
of the syndrome can be explained in the following way. Vita- 
min A deficieney damages the heart und the aortic arch 
system before the thirteenth day. whereas the interference: 
With the development of the corpus vitreum of the eve occurs. 
lates. The retrolenticnlar fibroplasin, but not whe cardine 
Auomalies, can he prevented, therefore, by a supplement on 
the thirteenth day. Jn fixure 2B an intermediate pattern is 
seen Which was produced by vitamin A supplements on the 
fifteenth day. Thus the syndrome can be altered when vitae 
min Ais administered during yestation (Warkany, °42-'53; 
Wilson ef al., *03). 

The syndrome induced in the young of rate hy maternal 
Vitamin A deficiency consists essentially of maiformations of 
aeft tissues, A syndrome of skeletal malformations ean he, 
tained hy inaternal riboflavin deficieney, . Vader proper 
CXperimental conditions about one third of the young born 
are found to be albnonnal (Wa rkany and Nelson, “41; Warkany 
and Schratfenberger, 44). Mauy of the abnormal young can. 
Vs recognized as such by external inspection. They show 
shortening of the mandible aud of the extremitica, protrusion 
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bo cement : 
Fig. 2 Cungenital aueneiiies in Yoong of cibudavin-dy-Gricnt female rate 
A. Young showing shert mandible and Protrushe of tongue, 
B. Chored ojevisuras beth showing chorteming of mamlilde and fusioe of rihe 
Jn the tight syevhers there la shortening of the calive and ulna and atscace 
of the tibia aed diula, Ya the brft sqevimen the tihis apycate aleent and the 


Sluts le curved. : i 
C. Cirft palate, 
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of the tongue and various degrees of *yndactylinm (fig. 3A) 
(Giroud and Boisselot, “47: Girend cf al., “1; Leimbach, °49; 
Nelack and Kapperman, “34: Pievioni and Bologna, °42). 
Other alnorinalities are sveognized after the specimens are 
cleared. There may he shortening or absence of the radius, 
ulna, tibin, and fibula. The mandible ix often short and the 
rile are fused (tig. 3 B). Inspection of she mouth reveals a 
posterior cleft palate in about wie-half of the almormal young 
(fix. 3) (Warkany ef al, “atep, 

These voung have different degrees of abnonnality; but 
there ie aw pattern in this Variety, in that certain bones are 
less often aifected than others. Table 1 shows the frequeney 
of oxseons anomalies in 100 cleared abnormal specimens, 


TAMLE 3 
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Tibia #3 Ving 30 
Mandible % Nuawrus 34 
Rib 7s - Vind foot 33 
Filla - @& Moxilla 8 
Radius 36 Seajala ] 
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Sternves 32 
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Histologic sections of the abnormal bones yeveal some ine 
teresting features (Warkany and Nelson, 42; Warkany ef al. 
‘Ha). A comparison of normal tibiae with abnormal. shows 
retarded and irregular ossification in the specimens with 
malformations, Tn a mildly almermal tibia the metaphyseal 
lines of ossification take an irregular and somewhat wavy 
course. Lars cartilaginous areas remain enclosed within the 
diaphysis. The lene traleenine radiate dipgonally forward 
fron a slightly elevated point in the center of the posterior 
aspect of the bunex. A more almormnl tibia remains almost 
entirely cartilaginous althongh lewinning ossification ean be 
recosnized in a posterior prominence of the structure. ‘Shis 
Promincnee ix covered hy a thin shell of Loue, hut consiste 
Otherwire entirely uf swollen cartilage celle, Anterior to 
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these evllx liex colummar curtilage, the ecll columns radiating 
forward from the wmeterior bulge. A further degree of 
anomaly may be seen in a tihia which consists entirely of 
cartilage of the Testing type (fig. 4). i 

Sections of (lye paws also <how retarded and irresular ossifie 
cation. In addition, a disorganization of the nonnal carpal 
andl digital pattern may be reeoxnized. Some bones are 
shortened or entirely lacking, others are wider than normal 
and some of the interosscous spaces and articulations are 
not developed (lig. 4). In some of the short tubular hones 
cecentrit foci of ossification are seen, 

Tt may he safely concluded from such histologic studies 
that the abnormal skeletal development dates back to the 
cartilaginous or to earlier stages of development. But it may 
not he learned from the sections how early in prenatal life 
the anomalies are determined, These studies were compie- 
mented, therefore, by experiments designed to reveul how: 
late in the yextationa! period the malformations could be 
prevented by supplements of the deficient dict. It was found 
that addition of the supplement prevented all skeletal male” 
formations of the Young when the supplement was given 
before the thirteenth day ? of gestation (Warkany, *92-'53). 
After the thirteenth day supplementation of the diet did not 


“protect the young. 


These findings suggest that riboflavin ix needed for the 
development of the skeleton, particularly between the thir. 
fecnth and fourteenth days of embryozenesis, Mt Shis period 
the appendieuiar skeleton is SiN in its mesenchymal state, 
but its individual elements the future hones and the joiat 
x[Mtees Which separate them, have hecome recoxnizalle. Bae 
{ween the thirteeuth and fourteenth days of gestation the 
embryo ix growing rajddiy ail is almost trebling its weight 
Within a 24-hour period (Donaldson, 24). After this period 
the ribollavin deficieuey dova not interfere seriously with 
general xrowih and increase in weight, since malf urmed young , 


“In our exyerimente the Gret day of gretation bs designated ‘se the day on 
which sperm are found bn the vagian! emrar, 
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may he nomnal in size and weight at the time of hirth, But 
the deficieney does prevent norinal differentiation of the 
skeletal mesenchyme into cartilage, hone, and articular spaces. 
It seems, therefore, that at this active staze of developnent 
large amounts of riboflavin are required for normal diff+r. 
entiation, 

To test whether our concept of this perind of determination 
ix correct we undertook in 146 some collateral experiments 
using X rays as the teratogenic agent (Warkany and Schraf- 
fenberger, “37). Tt scems justifiable to mention here the re- 
sults of that study, although they arc oniy indirectly connevted 
with the topic of this paper. As carly as 1935 Jub et al. (733) 
employed X rays to determine critical periods in mammalian 
development and in 1098 Kaven (38a. b) reported cerebral 
malformations after timed irradiation of pregnant mice. I 
wish to emphasize this fact, since some recent students (Ticks, 
“3$) in this field have apparently overlooked the earlier work 
along these lines. If the time of injury to the embryo had 
the overwhelming importance for the morphology of mal- 
formations as the work of Stockard (21) suzgests, it should 
he possible tu produce the same type of skeletal malformation 
by rihoilavin deficieney and by X-irradiating between the 
thirteenth ar fourteenth days. On superiicinl examination, 
the results of inis test seemed rather gratifving, since some 
of the malformations produced by irradiation resembled ox- 
ternally these indyced hy ribollavin deficiency. Shortness of 
the lower jaw, protrusion of the tongue, cleft palate, shortness 
of the extremitica, abduction of the hands, clubfeet. and 
ayndactylisim were malformations common to both syndremes. 
(fiz. 5). Dut there were many differences between the two 
types, the X-ray syndrome being much more varied than 
that induced by riboflavin deficiency. By irradiation on the 
thirteenth day a mnnber of? young were obiained which 
had encephaloceles, or polydactylism, anomalics not ob- 
served in the ribotlavinedeficieney syndrome. Character. 
istic differences were recognized after the specimena were 
charred. Specimens of the two types which appeared. similar 
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externally could be casily distinguished hy differences of the 
skeletal structures, In the pattern produced hy irradiation 
on the thirteenth day both the ramus and the corpus man- 
dibulae were reduced in size and both the ulna and the fibula 
‘ere more shortened than the radins aud the tibia. There was 
also a frequent occurrence of a buneroradial hone which was 
wever observed in several hundred abnormal specimens ob- 
tained from ribotlavindeficient: mothers. Jn the pattern of 
rikdflavin deficiency, the shortening of the mandible wax due 
fo a redaction in size of the corpus mandibulae: the rans 
was of normal size, The radius and the tibia were usually 
more shortened than te ulna and the fibula. Histolovie sec. 
tious revealed further differences, Jn the irradiation syn- 
drome rections of an arm with osseous aukylosix af. the 
Innnerns and radius showed absence of the distal epipaysis 
of the hameras and of the proximal epiphysix of the radius, 
the osseous trabeculae of the twa bones heing comected with- 
out demarcation (fiz. 6). Sections of the brain and other 
disternal organs (fig. T) showed anomalies not seen in the 
pattern of ribeflavin deficieney (Russell, ‘50; Wilson and 
Karr, 51; Wilson ef al. 52). Comparison of the two syn- 
dromes permite the following conclusions: It js probably 
correct that the ribotlavin deticieney exerts its deleterious 
influence about the time of the thirteenth day of gestation. 
Bat, as would be expected ina chronie teratogenie experi 
went, the time of determination cammot be exactly defined. 
Another conchision is Unat the time element must not be 
overenhasized to the neglect of other factors, since specific 
iijarions agents indluener development in specific ways, Ale 
Vhough si: cilir anomalies can he produced hy diTerent terato- 
genic factors, varianers can he found on thorough examination 
in the anosnalies ax well asin the syndromes which are formed, 
Returning to malformations of maternal dietary origin, it 
shoukl be pointed owt that vilamin B deficiencies other thin 
that. of riboflavin have been investigated, and some were | 
Townd te be capable of inducing malformations, In some 
inatances the miexing divtary factor could not be extablighed, 
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bat it xceoms that the multiple malformations observed in 
pie by Roxx and coworkers (°44) and hydrocephaly en- 
countered in rate by O'Dell ef al, ("51) can be attributed to 
lack of factors of the vitamin B complex. Giroud and Boisse- 
lot (Girend, 52) observed congenital malformations of the 
‘eye and of the brain which they attriluted to pantothenic 
acid dehicieney, ee So 
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Vig. $ Mevtion of internal orgaus of young of female rate irradiated on the 
thisteenth day wf gestation, 7. 

AL Almormal brain (x<¢ 9) (300 ¢). _ = 

Wh AMuonnal brain prarading through skull (x 10) (780 r). 

C. Median, feet hiduey (X13) (7601), 
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Karnofsky and others (49; Snell and Cravens, “90) in. 
daced congenital malformations in fow] hy jteroylglutanic, 
Acid deficiency and Girend and ‘Lefebvres- Boixselot (13 Gi- 
Toud and Lefebvres, 1) hy a similar deficiency obtained 
congenital abnormalities in rats. By incorporation of succinyl. 
sulfathiazole and a pteroylglatamie achd antagonint (x-methy- 
pleroviglutamic acid) into a maternal diet lacking pteroyl- 
slutamie avid Nelson, Asling, and Evans (90, °52)- have 
recently produced multiple congenital albnarm: alitivs with regn- 
larity in the young of rats. Thus, by combination of a dietary 
deprivation with the feeding of an inhibitor and of an an- 


“tagoniat, an effective pteroy]ghitamic acid deficiency was 


produced. In this interesting investigation it was found that 
complete resorption of the embryos invariably occurred when 
rats were placed on the diet the day of breeding (Nelson 


~ and Evans. 47). If however, the defied tent diet was instituted 


on the tenth day of gestation? 100% of the young born were 
deformed. When instituted on the elev enth, twelf th, and thir. 
teenth days 95, 65. and 3066 respectively were abnormal; 
When the mothers were sulanitted to the deficient dict as 
jate as the fifteenth day none of the vonng were almormal, 
The congenital abuar: malities obtained in this way consisted 
of cleft palate. syndactylism, rena) and pulmonary under 
development, and edema. Large supplements of pteroylylu- 
tamic acid to the deficiency diet permitted normal reproduc. 
tive’ performance and prevented anomalies in the young. It 


. seems that the teratogenic dict develojanl hy Nelson, Asling, 


and Evans (50, 52) when given from the tenth to the tw enty- 
first day of gestation is the most effective teratogenic diet 
known at the present time, 

Experiments with maternal dietary deficiency mmmy be con- ° 
sidered as a ew tool of experiuental embryology. Tn most 
studies of that science, exzs of fishes, amphibians, and birds 
have been used to produce morphologic changer by altering 


MWe chemical euviroanents advances in the science of nutri- 
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tion have made possible the study of mammalian ova under 
varying chemical conditions, and it seems that only a begin- 
ning has been made in this new field. In the experiments 
dexcrihed no attempt was made to simulate human dietary 
conditions, and it ix unlikely that human congenital malfor- 
mations can often he attributed to maternal dietary deficiency. 
Only in populations which are restricted in their food supply 
hy isolation, customs, or violence, can conditions arise which 
are comparable to the experiments cited. Endemic erctinism 
eansed by maternal iodine deficiency is a case in point, but it 
remains to be xeon whether there are other comparable con- 
ditions which can induce congenital anomalies. ; 

Experiments of maternal dictary deficiency should have a 
permanent place in mammalian teratogenic research. In this 
connection it xcems worth’ while to point out the relation-hip 
hetwéen malformations induced by maternal dictary defi- 
ciency and malformations of genetic origin. While these two 
kinds of malformations differ completely both in their origin 
and in their importance for the species, they do show points 
of similarity in their morphology and in their mechanism 
of development, which deserves to be emphasized. 

By experiments with maternal dietary deficiency, types of 
congenital malformations can be induced which resembic, 
morphologically, malformations of genetic origin. Such imi- 
tations have heen called phenocupies, a term coined by Gold- 
schinidt (38). Phenocopies are congenital nouhereditary mal- 
formations which duplicate malformations induced by mutant 
genes, For instance, cleft palate or syndactylism or coloboma 
of the retina may be of genetic origin; similar anomalies can 
he produced experimentally as nonhereditary phenocopics by 
riboflavin (Warkany ef al. “43h), pteroylelutamie acid (Nelson 
ef al., “3O) or vitamin A deticiencics (Warkany and Schraf- 
fenberger, 46). ‘ 

A second resemblance between effects of almormal genes . 
and effects of v atritional dvficiencies is observed in the forma- 
tion of ayndromes of multiple anomalica, An abnormal gene 
frequently hax a pleiotropic effect; it may cause malformations 
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in a variety of organs which seem to he unrelated te cach 
other in posinaial life. The Marfan eyndrome and the Laur. 
ence Moon-Bied) syndrome may be cited ax examples from 
the field of human teratology and many similur: syndromes 
have been deseriled in rodents (Griincherg, 47). Pleiotropic 
Vat nonbereditary effects have heen observed as the result 
of experiments with maternal dictary deficieney. For instanee, 
lack of vitamin A results in anomalies of the eve, of urogenital 
organs, and of the cardiovascular system, Nutrition experi- 
ments of this ype result, therefore, not only in phenocepies 
of sinzle organs but also in phenocopies of syndromes. 

A third resemblance is that both a xenie deficieney and a 
coutinnens nutritional deficiency act throughout the oTrzano> 
kenetic period and that in both eases the embryo develops 
against a hackyronnd which js permanently abnuonnal In 
conirast are the acute teratogenic agents, such as the rubelia 
Virus or X rays, which attack the embryo but once and ata 
definite time. Genie and nutritional deficiencics are chronic 
abnormal states uf prenatal lite, They remain latent during 
rome periods but becume manifest in others when rpvcial 
demands are made ly the embryv’s inetabolism (Landauer, 
*36). ; 

Geneticists interested in teratalogy and in developinemal 
genetics have long recoznized the importance of the experi- 
mental production of phenocopics in the study of raalforma- 
tions of genetic orizin. Dunn (39-40) has pointed out 
that the responses which a growing organism ean make are 
direeted into a limited nuuber of channels and that environ- 
juculal agencies may produce phenocopies by ultering some 
develoy:mental processes in the same way that gene changes 
‘or other mutations do. Landauer (°26, “40; Landauer and 
Bauman, “43) hax used experimental induction of phenocopies 
tu iuvestizate the mechanisms by which the creeper mutation 
and rumplesxnes« of fowl influence cabryonie development. 
A knowled:e of the almormal channels opened up by modify. 
ing facture may throw some light ou the mode of action of 
abcormal genes. Since little is known about the bioelemical 
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reactions of genes which lead to inalformations, a knowledge 
of the reactions which lead to their phenoeopies may be of 
Value. Phenecopies induced by wutritional deficiencies can 
he attributed to a lack uf well-defined chemical substances. 
Purines and pyrimidines which are synthesized with the aid 
of pteroyllutamie acid (Nelson ef al., Ol, 'S2) as well as 
Tibollavin are incorporated in prosthetic groups of enzymes. 
Some of these enzymes participate in biochemical reactions 
which determine the chamels of embryonic development. 
Experiments of the type cited in this review jndicate where 
Liechemical reactions necessary fur normal development can 
be blocked. It ix possible that mutant genes are inadequate 
because they are unable to control the same critical reactions. 
It ecems to me that in this field the geneticist and the butri- 
tionist are approaching common ground and it is to be hoped 
that they wiik unite their efforts in the neur future. 

This paper began by presenting the results of experiments 
Vat factual reporting scems to have slowly drifted into hypo- 
thetieal interpretation. The interpretations are open to criti- 
eivm and dispute, but this may lead to a fruitful discussion. 


. DISCUSSION 


LL. B. Reussetu: In connection with your comparison be 
. tween the effects of N rays and of ribofavin deiciency, I 
am wondering whether the more widespread action of the 
X vays may not have been due to a high dose having been 
used? Ax we tried to show in our paper, increase in dose 
leads to an extension of responding period. Tis, in your 
exjwriment, irradiation with a high dose on the thirteenth 
_ day might be expected to yield not only the abnormalities 
most easily produced at that stage, but also others which, 
with a lower dose, would be elicited only by irradiation on 
the twelfth or fourteenth day. Thix idea finds support in the 
close resemblance of your radiation results for the thirteenth 
day to our summed results for days 10) and 11} (the mouse 
stages correspouding to your thirteenth and fourteenth days). 
It is therefore not impossible that, if vou were to use a dose 
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low enough to elicit only those changes most characteristic 
of thirteenth-day treatment, you might get a clozer corre. 
spondence with the ribotlavinaleticieney data. On the other 
hand, of course there may be (ax we showed in our paper) 
real differences between the hasic actions of the two terato- 
Gene. 

Wankaxy: T think it would le very-interesting to altempt 
to produce the same xyndrome hy XN rays aud by riboflavin 
Uvficiency, as suggested hy Dr. Russell. Whether it can be 
done, 1 do not know. 

Miexs: Dr. Warkany and Dr. Wilson, in their published 
studies, emphasize something that has heen very useful to 
ail workers on the mechanisms of malformations from the 
medical point of view. That is, it ix useful to think.of these 
malformations as products of two factors — the time, which 
we have been emphasizing here, and the ageut, 

Tn my paper 1 tried to show, for example, that in the de- 
Veloping nervous or skeletal system the same lesions eannot 
he produced with acate hypoglycemia aa with radintipn.or . 
**radiomimetie’’ drugs, 

Dr. Warkany and Dr. Wilson have shown other ex:unples 
With dietary deficiencies although the duration of action of 
these procedures is a.factor to he considered. 

Frutn: One wonders whether there is a relation hetween 
Vitamin deficiencies and irradiation. Tt is possible that ir. 
radiate L animals, in general, are wanable to synthesize vita- 
wins of that their vitainin requirements are higher, More 
specifically, embryonal cells whieh have been slightly damaged 
are unable to use vitamins essential for their vital synthesis, 
How to demonstrate this ix the problem. With animals having 
placenta, obviously this could aot he done’ with case. If 
irradiated eclls are unable to utilize the Vitamins (not simply 
take them up), the blued and tiscue vitamin levels would 
probably be altered. T wonder whether, it animals without 
placenta, vitamin utilization xtudiex mizht not be valuable, _ 
The opuxsun might be a suitable aninial for such siudies, 
bat more than likely one would have to go to. jower apecien. 
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There may be some Wood-brain harrier with respect to pro- 
fective: substances availalle to cells of the central nervous 
xystem, and thix may include substances needed for cell syn+ 
thesis, 

Chairman Wrass: I think I should like to reemphasize the 
reversal of an antero-posterior gradient in the susecptibility 
of the wkeleton, where apparently after riboflavin deficiency, 
the posterior border ix hit first so much more frequently than 
Abe anterior border that the ossification center in the marginal 
ences ix dislocated toward the anterior border; whereas after 
X-ray treatment, F think you got exactly the reverse. 

This typeof reversal makes it almost impoxsible to explain 
the effectiveness of wny of these agents in terms of particular - 
susceptible phase; it is a very important obxervation. 

Stenter: When vitamin A deficiency was supplemented, 
the figures indiente that Approximately 33¢¢ of the animals 
studied possessed almormalitics on the unsupplemented diet 
—of which 176 involved cardiovascular abnormalities. On 
the other hend, in the 13-day supplemented material. some 
25/6 of the animals showed alormalities of which 710°t were 
cardiovascular. If you multiply these wnabers together you 
find that there is actually an inercase in the number of cardio 
Vascular almormaiitics on a thirtcenthalay supplemented diet. 

Might not some caution be used in ascribing any of these 
particular almormalities to the diréet effect of any particular 
srowth facior on the formation of the structures studied? 
Could it not just ax well he something very indirect, some 
influence on some secondary product of the mother? 

Tu relation {o-this, I wonder whether there is a general 
correspondence between the abnormalities that you observed 


; : in cubryonie development and the abnormalities which such 
a 
| = 


riboflavin deficiency, in particular, produces in young adults, 
eg. lack of proper oxsification, ete. 

Warxaxy: We, too, have asked ourselves why there was 
an tavrease of cardiovascular anomalies when vitamin A was 
added on the thirteenth day. We think that some young with 
cardiovascular anomalies would have died in early intrauterine 
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life without the fupplemeni, and by giving the supplement, 
we saved some of them. This is one explanation, but we can- 
Lot prove it. : 

Whether riboflavin deficieney damazes the embryo direetly 
or whether the effeet way he indirect and due to an injury to 
the mother remains an open question. I shouid not he sur- 
prised if a future need for reconsideration of ‘the effects of 


riboflavin deficiency should arise. We consider these experi- 


ments az pilot experiments which require further study, 

Tt should not he forgotten that our experiments were begun 
ata tine when it was necessary to prove that congenital 
malfurmations of mammals could he produced by environ- 


_ Mental factors, Thia war denied hy many at that time, al- 


thouzh it is generally accepted today, We have continued 
working alonz these lines but there is still nich to be done. 
T think the reasons that more has not been done already is 
that nutritional terategenie experiments are so tedious and 
disappointuents are frequent. 

Warisen: I should like to cemment on Dr. Warkanr’s 
distinction between chronie and the more immediate effects, 
I wonder whether one ix justified in considering the effect 
of rubella, for example, and of X rays as sivlinitely of the 
Mediate and nowchronie yet To my knowledge, nothing 
is known about the meehaniam of the rulelia eect on d2- 
veloping human embryos, and I think she preeeding diseus- 
sions at thie conference have shown that really very little is 
known about the mechanisia of the X-ray cifect. So I could 
Well nnagine that these eilcets are as “chronic @s some of 
the other eifvets, vg. -euctic or nutritional cfiects. 

To come back 10 the discussion of the relative incidence of 
cardiovascular abnormalities in seneral, whea dealing with 
a syndrome of aluornalities, it is very difficult to establish 
the relative frequency of the individual symptoms if you 
look only a1 wewhorn aniuala. The relative Trequency varies 


throuxhout the cubryonic period Weeause there is prenatal 


death, i.c., svlvetive prenatal death of embryos, With certain 
ablnonnalitics, which would, of course, influcnce considerably 
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the relative frequeney of the indiy 
* drome. 


Guvexwatn: Tam glad to hear that the idea of the critical 
period being the only determining factor is losing ground. 
Particularly in the medical literature on rubella, there is 
considerable misuse of this concept when people claim that 
one thing happens during the second month, and another 
during the third month. The svcond month, after all, is not 
homogeneous, Human embryos at the beginning and at the 
end of the secoyd mouth are quite diferent. T think it should 
be made clear that the xpecilic influence of a given agent is 
in many instances more Important than the exact time with 
which it acts, articularly because some of these agents ap- 
parently act for a long period of time. : 

Chairman Weis: At the same time ix it not a truism that 
if we choose to designate the period during which a tissue 

can he afected as the “critical period, then that tissue can 
ie aifected only during the critical period? The question, 
| 
| 
| 
| 


idual symptoms of @ syn- 


therefore, is merely whether this “critical” Period is the, 
same for all agents, all stages, and all organs, Apparently, 
that it not the ease, but there are still zome critical periads. 
Guvexwatn: We seem to come to the assumption, whic: 
ix probably the only Lioloxically eorreet ong, that both factors 
Aet toxethers in rome instances the critical period is more 
important and in some instances the Agent is more important 
in determining just exactly what is going to happea. Would : 
You nzree to that? 
Chairman Weiss: Not quite. I think the scientife pro- 
cedure is simply to define what each partner in the process 
is doing, No biological system operates in a vacunm: it is 
always a cell reacting to something outside the cell. ll we 
ean do ix simply describe this interaction. There is no point 
‘to the question 1s to which of the two is more important. If 
you take cither one away, you get nothing. 
Senuorré: I should like to attract attention to another : 
Phase of the problem of morphogenesis, the one which is 
encountered in regeneration. Stndents of regeneration, also, 
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have elaborated a eerics of devices Wy means of which terato- 
logical interferences on morphogenesis enn be studied. It is 
amazing te discover that, in regeneration, interferences with 
morphogenesis can he obtained which constitute a corolary 
to that which hax heen so exhaustively discussed here. These 


‘{uterferences are multiple, First, there are purely physical 


factors such as various manners of AMputationy which sub- 


-feqnemily impose upon the regenerate changes in marpho- 


genesis, Then there are hiterferences with hormones (thyroid, 
parathyvoid, pituitary). Reeently we were able to show that 
a critical period in respeet to the action of the pituitary on 
the morphogenesis of the blastema exists: if the limb of a 
newt is allowed to regenerate. for 5-7 days and then the 
pituitary {> removed it has been shown that the subsequent 
werphogenesis of the regenerate is aected, but only for. 
that peried. In others words, if a limb is amputated prior 
to the removal of the pituitary, then cla foot formations, 
eyndactyly, brachymely, and other teratological interferences 
with the morphoyencsis of the blastema result. However, 
the fundamental processes of regeneration, including :vewth 
and histogencesis, are not alfeeted by the hormonal imbalance 
created. ‘ 

With respect to the action of the nervous system it haz 
Veen shown that the susceptible “eritical period”? of inter- 
ference with morphogenetic processes is a different one. 
Singer has shown that the emancipation of blastcmata from 
nerve influence takes piace between the eleventh and fifteenth 
dars. Dr. Brunst has wl-o shown many years ave (1928) thit 
the nervous ayetem plays an important rele in the ereation 
ef skeletal almormalitics, The same fundamental processes 
of imerphogenesis, then, reveal themselves to respond differ. 
ently in respect 10 the avents employed to test these processes, 

Se it ix indicated. I think. in a conference devoted to the 
study of the action of radiations on grawth aud development, 
to ruseert that the pioncer werk which Drs. Butler, Brunst, 
and others have done with respect to the action of X rays on 
regeneration of Junle in amphibia be extended and correlated 
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with the findings on mammalian embryogenesis *shich were 
presented at this conference. 

Rvssen.: 1 shuld like to reply to Dr. Waclsch’s statement 
that one should net necessarily expect an acute effect from 
an agent which appenrs to have acute action, by pointing out 
that, on the other hand, one need not necessarily expect a 
chrouie effect from an agent that appears chronic, such as 
a gene which is, after all, present from conception to birth. 
Actuz.ily, for many genes there are probably restricted periods 
for primary action Which ix called for by conditions arising 
in the course of differentiation. 

Tn the general discussion on ‘critical periods,’? I should 
like to emphasize that this phrase is used by us merely to 
dexignate an. end result, ic. the developmental stages at 


‘which radiation haz ta he applied to produce a given change 


in charecter. The term certainly docs not imply that the 
immediate primordium of the character malformed as a re-- 
sult of irradiation at a certain stage was damaged ai that 
stage, ic. during the eritienl period. The fact that diferent 


‘ patterus of sensitivity may be demonstrated by the use of | 


different teratozens ix quite compatible with the concept of 
“eriticeal periods’? as uxed by us. 

Wankasy: I should like to state here why some of us are 
su concerned about the indiscriminate use of the term’ “‘criti- 
eal period.”” 1 think all of us in this conference understand 
how complicated the establishment of ‘critical periods’? is 
and that the teria is interpreted differently by different people. 

WE are concerned about the overemphasis and misinterpre- 
tatiun of the idea of “critical periods’? as used at the present 
time in the medical literature, There you find stateracnts 
which indieste not only that there are critical periods for 
the origia of certain malformations, but it is alxo asserted 
that one can ascertain, from a malfonnation the time at which 
the injurious agent acted. : 

This is pot just a point of theory. Let us assume that the 
symptoms of a clinical syndrome can be attributed to arrest 
of develojsnent of several structures in the cighth week of 
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feta) life. Does that perinit the conclusion that the arrest 
of development ix due to environmental interference at the 
time when the fetus was eight weeks o)-1f T doubt that any- 
body here will draw such a conclusion, but there are state- 
ments to that effect in the recent medical literature. Men- 
golism, esophageal atresia, and **retrolental tibroplasia’ have 
been attributed to maternal disorders at a certain date of 
preguaney. because the morphology of the anomalies can 
smnchow be correlated with embryologic events at that, date. 
We have te make it clear that such conclusions cannot be 
rawn, It has been stated, for instance, that 2 persistent 
ostium primi in monyolism indicates that the septum pri- 
minta aud the endocardial cushions developed adequately until 
alwut the seventh week, when they were arrested just short 
of fusion. This ia not correct. since the decisive arresting 
factor may have acted much earlier: yet the interference 
dovs not bevame recoznizable before the eighth week. The 
best example in this respect is the open ductus which may 
result from maternal rubella in the first two mouths of preg- 
_naney. The ductus fails to close at birth or after birth, but 
the injurious agent acted seven months cariier. The ‘eritical 
period’® fs net the time when the ductus fais is close, but 
the time of a much earlier stage of development when an 
injury to vie Vascular system predetormines the persistence 
of the ductus. Althongh the anomaly does not ‘appear’? 
until hirth, the damage is dene much earlier. : 
The morphology of conzenital anomalies does not permit. 
ue to draw definite conclusions as to their date of origin. 
There are practical considerations involved. If the simpli- 
fied idva of “critical periods** should reach the lay public 
we net expect serious consequences, If, for instance, a 
woman who had an automobile accident in a taxieab during the 
seventh week of preqmancy, gives birth to a mongol child, 
“she could sue the taxi company. This will happen when we 
let this erroncous idea of critical periods become too wide- 
spread, 
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Hiexs: On the other hand, a malrotation of the gut of 
* eyclopia or an cneephaloccle could not happen as a result 
of a birth injury. 

Wanxaxy: I think the embryologic time table ean be used 
to state that a malformation must have heen caused before 
a certain time but one cannot say how carly before the ‘‘criti- 
cal period” the injurions azent acted; but even this may not 
always be possible since congenital malformations may he 
caused by secondary destructive processes after an organ 
had heen normally formed. 

Warsscn: I should like to say just one word in response 
to Dr. Russell’s remark. I do not think it is justified to call 
the effects of a gene, as you did, acute just because it has’ 
not heen demanatrated to be ‘‘chronie,’* in quotation marks. 
You said one would expect Yo be able te demonstrate its 
effects in tissues other than the ones that are obviously af- 
fected. The failure to demonstrate it is not necessarily a . 
proof that the effect is acute and not chronic. It may be just 
a problem of methed and knowing what to look for in the 

effect of a gene. 
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‘THE EXPERIMENTAL PRODUCTION OF CLEFT 
PALATE WITH CORTISONE AND 
OTHER HORMONES, 
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Experimental mammalian teratology is rapidly establish- 
ing itself both as a method of embryelozical analyzis and as a 
means of saining understanding of the causes of congenital 

_ defeets indiuumans. Hormonal aberrations (along with viruses, 


-*. putritional deficiencies, and hypoxia} might logically be sus- 


pected of being causally associated with ‘spontancously’” o¢- 
curring congenital defects, since they are one of the hazards 

that a woman may actually face during preznaney. It is there- 
fore somewhat surprising that, until recently, hormones Lave 
reccived relatively little attention as teraiogenic ageuts. The 
discovery in our laboratory that cortiscae is teraiogenic in 
mice (Frazer and Fainstat, ‘51) raises the question of whetber 
this is so in man. : 


REVIEW OF LITERATURE 


Before discussing our work on the teratogenic eficcts of 
cortisone the present paper will review briefly the studies of 
othera on the embryonic effects of various hormones given to 
pregnant mammals, 

Pituitary hormones. Duc to the limited availability of pita- 
itary hormones for research, little has been done on their tera- 
togenie properties. Steiniger (°40) provided an interesting 
example of how au environmental agent can potentiate the 
effects of a genetic eusceptibility. He showed that injection of 
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° CONGENITAL HYPERVITAMINOSIS A 


st variety ef conyenital defects hare been peaduced in rote by tn administvation @ 
2 © singh jorge dese of vitamis, A on the minth, tenth or cleocath dey of progaanry. 


sultast abnormalities include anencephaiia 
{absence of brain), anophthalmes (steence 
of the eyes) or Linge, open, protruding eyes, 
epina bifida (eb<nce of vertebral arches in 
the spinal column), ek ft palate, nmalfierma- 
tion of the extremities, bibidl fissures and 
\ cataracts, Thene changea oevurred even 


LU. for those from treated muthers. 

Aso, dediricncies of vitarain A, choflavin, 
folacin, pantothenic acid, vitumin D and 
Vitamin E have teen reported to cause 

* various types of congenital defermitics 
(Nutrition Reviews 2, 297 (1944); §, 74, 
~ SD (1937); U1, 121 (1823); 12, 189, 218 
(1954); 19, 289 (19355); 14, 283 (1856); 28, 

9, 45 (1937)). . 
Recently, a detailed study has been con- 


* ducted with rats ou the influence of a singie 


dose of 75.000 to 150,000 1.U'. of vitamin A 
on the ninth, tcath oF eleveath days of 
. Pregnancy to determine the nature of the 
1 Underiying histulogieal changes im the 
* fetus (P.M. Deusehle, J. F. Geiger and J. 
Warkany, J. Deat. Ree. 38, 249 (4959)). 


Eigist typical specimens with Large aad pro * 


truling eyes were selected from the of- 
 Spting and serislly sectiuned. The eyes, 
etthuush kenge cmd idleas, wers otherwise 
Sime nue! im structure, wed the je 


senes Wf uaderlying ekeictal anomalies 


} Vestigaiom euncluded that probably a 
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than im the controls, Where the naso- 
preach each other, the nam! pamage was 


mrss betweea the upper jaw and lower jaw 
im aa erea where there is ordinarily no 
cartilage. Varying degrees of defwiency we-e 
tated im the development of the alventir 
processes. In addition, as many as 1! of de 
12 saolars were missing in some of the 
specimens. In other caus, the mmalairg 
molirs were hypoplastic. 

Thus the syndrome precipitated in thee 
feruses by the single administration of a 
lurge dose of vitannn A during pregnancy 
teated in developmental deficiencies, but 
only secondarily influenced the eyes bx 
cause .of their eelatiouhip to this ares. 


dental ascmalics were caused by Ue 
ansanalies of the underlying mesodermul 
thee, 7 

This hypervitaminosis synJirome coa'd 
be readily differentiated from that of nila 
flavin defievency. ln the fetuses produced by . 
fibcfterin-deficient rats, only the incisor 
tecth were afjected, with the lowers more 
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Sttiough the tetal fueride inten up in benss is vedusad under conditions of vichata, 
the vatio @f Suseide to tetal tens ech is ingreased. 


which 

G. A. Shulta, Jowa Agr. Exp. Sia. Am. Rep., 
p. 78 (1936); C. &. Kempd and V. E. Nel- 
con, Proc. lowe teed. Sci. 48, 199 (1941)). 
It has also been noted that 300 ppm. of 
ftuoride reduces the sevesity af developing 
rickets by inereasing bone density (kK. 
Morgareidge and $ B. Finn, J. A'sirition 
20, 75 (1940)). In acdicion, the life span of 
rachitie mts has appeared to be inerea-ed 
when fluorides are made available (3. B. 
Finn and M. Kramer, Proc. Sec. Exp. Biel. 
Med. 45, 833 (1940)). 

A more efitical evaluation of- the dep- 
enition of fluoride has been earried cut by 
L Zipkin, R. C. Likins and F. J. MeChure 
(J. Nutrition 67, 39 (1959). In addition 
fluoride levels, information was obtained 


teeth. The study was especiatly designed to 
permit the ecpuration of the effects of rickets 
per se and inanition. 

The experimental diet employed in this 
study was one which was acequste im eal- 
eiam (0.44 per cent) and vitamins, but ex- 
tremely limited in phosphorus (0.015 per 
eent). Fluoride was added ac 28 ppm 
The coutrd diet was supplemental with 
dinodium acid phosphate to provide ade- 
cuaie phosphorus and an adequate calcium 
to phospherus ratio (0.437 per cent calcium, 


eatero of thi; symdrome ned the gt.cis- 
ease with which it wis prulercd +2! 
engget cautions we of lege and wisaied 
Genes of vitamin A during preguancy. This 
Caution would soem to be tepucilly perti- 
aent in view of the relatively sem AMex- 
ence in total vitamin A cuntest, titween ‘ 
the eareasees of sormal and tested ices. 
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0.359 per cent phosphors and 3.0 ppm. 
fluoride). Sprague-Dawley tats sere divale! 
into three equal group-; group one nce ve) 
the gachnogenie dict and group: two und 
mented with disodium ocid pb -tute. 
Group two wan puir fet te grou ‘and 
group three was fed ad fiktcum. “.ce rat> 
were s-rayed after three weeks and sacrifent 
at az works. 
of fuod, the pnir-hd nun-rachitic rate find 
significantly more than thex rachiti: pair 
mates Rate fed ed Luitum end receiving 
the phosphorus-s:pplemented diet sauned 
weight gains of 23 ¢ por by anl 3 {col 
ct-fzation ratio of 0.27 g. wevkt gun per g. 
of det. 
Radiographs revealed that the arte ne 
ceiving a ‘ow phosphorus dict hod de 
teloped rickets whereas mats giver the 
pho~phor:s-supplemented diet were auereal. 
Femurs and ower jaws of the meh tir mis 
weighed much lew than thee af ther no: 
mal litter mates, but only acl relight 
diflerences were obecrved in the teeth. 
The mean ccncentr-tivn of fat of the fe 
Bours Was greatest ia tae rchit 2 
greatest in the pair-fed rats and le the 
ad-tibitem fed normale Fatty eoczent> of 
the lower fawe followed this am: aL. | 
tionship, but no signitics::t Eilerence: were | 
sceu among the molars and incisors of the | 
three groups. The sch content of the tou } 


pateorneouest: 10/17/73 
vam CALL WO: OvHiNG LIBRARY {address in full) 

DHEW, PHS, Food and Drug Administration 
Medical Library, Room 112-40 (2D-45) 

5600 Fishers Lene 
Rockville, Maryiand 20352 


FOR USE CRicce/Salazar-Hearing STATUS DEF 
AUTHOR (er, periodical title, vol. end year) 
Proc. fiuer. Soc. Engl. Scot., vol. 19, 1960 


TITLE {with author & pages for periodical articles) (Inc. edition, place & date) O This editio 
Millen, J.W ct al:Maternal nutrition in relation tc 
fetal development. 1 te end 


VERIFILD 1% (or source of reference) 
IF HOK-CINCULATING, PLEASE SUPPLY C) MICROFILM C) HARD COPY if COST OCES KOT EXCEEL 


—_ LENDING LICRARY {address in ful!) 


NLM 


{ ROTe: is cecnasvetncieg AUTHORIZED BY: (lull name} eee sue Pd : 


povomes pesposibelity dor 


potticaton chavatecest, WIC 


\ REQUEST | INTERLIBRARY LOAN REQUEST 


ACCORDING 10 THE A. i. A WEL RLIDRAAY LOAM TODE 


REPORTS: CHECKED BY 


seat oy _UpRAay RATED) 
CHAPGES INSURED FOR $ 
DATE SENT: 
. OvE 


1, RESTRICTIONS: . 
COCCPYIG NOT PERMITTED | 
(OPFOR UERARY USE ONLY H 
a 
n only 


NOT SENT BECAUSE: 
CONCH CIRCULATING (NOT OWwnto C) IN USE 
0 
ESTINATED COST OF; MICHOFILM 
HARD COPY. 


» abnormal 


oa bonnovdG LicaanY RECORD: | 
pate RECEVTO__ | 
DATE RETURLED 1 
ey (} uerany rate (J —' 
POSTAGE CNCLCSFO $ INSURED FOR S__ ' 
EVENS: (GUEST ALO REPORT ON SIECTC) 
; ) 
Lewes RECUSTEO CH 
SCTSGPARAOsassiRRnBUT (1 1&C (21 asta nen EN CEES Si 
ial 


(ON FUMIO OF RE PLWAL) 
ie 


ARY OF MEDICINE 


[BR 


NJ 


E.! 


5Y 


NADE | 


2 
te 


TOCOPY 


nO 


< 


hg oe 


ee i tos 


scitvul. OF VETERINARY MEDICINE, MADINGLEY on. CAMBRIDGE 
4IULY 1959 , 
NUTRITION AND REPRODUCTION 


Moricing Session 


Chairman : Dr J. HAMMOND, C.B.E., F.R.S., School of Agriculture, 
University of Cambridge 


Maternal nutrition in relation to abnormal foctal development 7 


By J. W. Miuien and D. H. M. Woottam, Anatomy Department, University of 
Cambridge 


During the first 9 months of his existence, man's life hangs almost literally by a thread 
—the thread which connects him to the mother who not only breathes and exerctes 
for the foctus but also digests food and furnishes nutriment for the growth of the 
new individual. 

In this period of intra-uterine development in which the individual changes from 
a single cell to a complex creature of 200 billion or more cells, he is exposed to the 
influence of two principal factors: heredity and environment. The first of these, the 
hereditary factor, is already determined at the fertilization of the ovum, and there 
is, as y2t, no evidence that it can be altered by any form of treatment, and although c 
selective breeding is extensively practised in animals, the human population, despite 
the wiches of cugenists, is strongly resistant to restrictions applicd to its mating 
habits. The second factor, the environment, is, however, of almost equal importance 
in the developinent of the foetus. 

The environment of the foctus is its mother, and the d-- elopment of the foetus , 
is strongly influcnced by nutritional factors which themselves reflect with consider- 
able exactitude the state of nutrition of the mother. 

The processes of nutrition, the term being used in its widest sense, comprise the 
ingestion of foodstuffs (including vitamins and trace elements) and their dizestioa, 
absorption and utilization, and the inspiraticn of oxygen and the expiration of carbon 
dioxide. The state of nutrition can also be influenced by the effects produced by the 
invasicn of pathological organisms or by altcrations in the hormonal, nervous or 
psychic balance. 

The two sources of information concerning the effects of dictary and metabolic 
¢rrors during pregnancy are studies carricd out on the human population and 
animal experiments. Although it is from animal experiments that the mass of 
evidence that dietary errors can result in the production of congenital malformations 
has been obtained, a certain amount of informztion has been brought to light on 
191) 2 ; f 


URPOSES OF STUOY OH RESEANGH I LIEU_OF LENO” 


.OF 1 


ONE HUNDREEL 
SCHOOL OF VETER 


_ wer 
" Chairman: Dr. 


Fitaternal nut! 


By J. W. MILen an 


During the first 9 mon 
—the thread which cc 
for the foctus but als 
new individual. 
In this period of in 
E : : a single cell to a com; 
influence of two prince 
hereditary factor, is ; 
is, aS yet, no evidence 
selective breeding js ¢ 
the wishes of cugeni 
habits. The second fa 
in the development o 
The environment « 
* is strongly influenced 
able exactitude the st 
The processes of n 
ingestion of foodstufl 
absorption and utiliza 
dioxide. The state of 
invasion of pathulcg 
psychic balance. 
The two sources ¢ 
¢trors during pregn: 
evisence thas dictary 


« 
Oo ill <r 


8 ae ETS mE Geen ey coer pare renee mceyren sateen a Gerenenoen 


PROCEEDINGS 
‘HE NUTRITION SOCIETY \ 


ry AXD TWENTY-SIXTH SCIENTIFIC MEETING 


NARY “MEDICINE, canastadiumomces ROAD, CAMBRIDGE. 


4+ JULY 1959 
RITION AND REPRODUCTION 


Morning Session : 
|. HAMMOND, C.BE., F.R,S.; School of! ‘Aedes 
University of Cambridge 


‘ition in relation to abnormal foetal devclopment y 


d D. H. M. Woottam, Anatomy Department, University sf 
Cambridge 


ths of his existence, man's life hangs al:nost literally by a thread 
nnects him to the mother who not only breathes and excretes 


» digests food and furnishes nutriment for the growth of the - 


ra-uterine development in which the individual changes from 
lex creature of 200 billion or mare cells, he is exposed to the 
ipal factors: heredity and environment. The first of these, the 
ready detenained at the fertilization of the ovum, and there 
that it can be altered by any form of treatment, and although 
xtensively practised in animals, the hu:nan population, despite 
sts, is strongly resistaht to restrictions applicd to its mating 
stor, the environment, is, however, of aliaust equal importance 
the foetus. 

Wf the foctus is its mother, and the de elopment of the foctus 
by nutritional factors which themselves reflect with ate 
ate of nutrition of the mother. 


utrition, the term being used in its widest sense, comprise the | 


s (including vitamins and trace clements) and their digestion, 
tion, and the inspiration of oxygen and the expiration of carbon 
nutrition can alsa be influenced by the effects produced by the 
cal organisms or by alterations in the hormonal, nervous or 


f information concerning the effects of dictary and metabolic 
incy are studies carried out on the human populz .on and 


‘Although it is from animal experiments that the mass of - 


ervors can cesult in the pacaluction Of vanyenita) malfaraations 


* 


én3 


2 Symposium Procezpincs ~ 1960 


the effects of maternal nutrition ‘in the production of deformities in man. ‘This 
information is difficult to interpret because of the many variable factors that have to 


be taken into account. To give but one example: although the quantity and nature 
of the food consumed in che home of a Pregnant woman may be nutritionally more 
than adequate, the woman herself may not be consuming a proportionate amount of 
this food, or may, having ingested it, fail to digest, absorb or utilize the food. To 
asscss her nutritional state on the basis of the food available in the home may lead 
therefore to erroncous conclusions. 

Nevertheless it is worth noting that a number of reports have appeared which 
Support the view that a low level of intake of the basic foodstutfs during pregnancy, 
with presumably some deagrce of ass.ci:.ted vitamin deficiency, is associated with 
&n increased incidence of congenital malformations. The carefully documented 

tudies on the incidence of anencephaly carried out by Coffey & Jessop (1958) in 
Dubtin have shown a relationship between the occurrence of this malformation and 
@ poor state of maternal nutrition. Again Anderson, Baird & ‘Thomson (1958) con- 
cluded from their work that ‘primigravidae living in poor social circumstances have 
a higher risk than any other group of pregnant women of foctal death due to mal- 


formations of the central nervous system’. On the other hand Record & McKeown - 


(1949) found no association between the incidence of malformations of the foetal 
central nervous system and the housing of the mother, and Edwards (1958) studying 
the incidence of similar deformities in Scotland noted that although there was a 
higher incidence in the lower social class, there was no decline in the incidence with 
the onset of the present period of generally improved nutrition. 


The bulk of our information has therefore of necessity com from animal experi- 
ments. Sor 


Newhat surprisingly, there are few reports of the effects of total starvation 
during pregnancy on the incidence of abnormal offspiing in experimental animals. 
Runner & Miller (1956), however, produced congenital malformations in mice by 
Starving the pregnant animals for 23 h during the Sth or gth day of pregnancy. 

Much of our present knowledge deals with the influence of vitamin deficiency or 
excess in the production of congeni: 1 malformations. In this regard most interest 
perhaps attaches to the rele of vitamin A. The induction of a state of hypovitaminosis 
A during pregnancy has been shown to result in the production of a wide range of 
malformations in the pig, 
Way are anomalies of the cyes ranging from anophthalmia to microphthalmia (Hale, 
1935; Warkany & Schrafeaberger, 

. inclecing horseshoe-kidney and failure of the testes to descend (Wilson & Warkany, 
1948), diaphragmatic hezaia (Anderson, 1949) and hydrocephaly (Millen, Woollam 
& Laraming, 1953; Rokkones, 1955). 

It is of intezest to note that vitamin A is, up to the preses.., the only vitamin of 
which an excess has been shown to have a teratogenic effect in pregnant animals. 


The first report of the effects of hypervitaminosis A during Pregnancy appeared 
6 years ago when Coh!-a (1953) showed that malformed young were present in the 
Eirezs of rats that had ingested large amounts of vitamin A during pregnancy. Among 


the abnormalities which he noted were hydrocephaly, exencephaly, Spina bifida and 


» tabbit and rat. Among the malformations produced in this | 


1 » aonormalitics of the urogenital system . 
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cleft palate. Cohlan’s observations have since been amply confirmed by other workers, 
ikough hy Jrocephalus appears to be an infrequent finding (Giroud & Martinet, 
1954; Millen & Woollam, 1957; Warkany, Kalter & Geiger, 1957; Woollam & 
Millen, 1957). : : : 

'+ Deficiencies during pregnancy of vitamins other than vitamin A also result in the 
birth of malformed young. The mest exhaustively studied defisiencies have been 
those of members of the vitamin B complex. Hypovitanrinosis has heen induced by 
a deficient: dict either alone or in combination with a vitamin antagoni* “7 this - 
method it has been shown that abnormal your ° -an be produced by deficiency of 
riboflavin (Warkany & Nelson, 1930; Giroud ¢. .tvisselot, 1947; Grainger, O'Dell 
& Hogan, 1954), of pantothenic acid (Boissclot, 1948; Nelson, Wright, Reird & 
Evans, 1957) or of folic (pteroylglutamic) acid (Richardson & Hogan, 1946; Giroud 
& Lefebvres, 1951; Nelson, Wright, Asling & Evans, i955). Experiments have 
indicated that a deficiency in any one of these substances results in abnormalities 
of the brain, including hydrocephaly and anencephaly, defects in the development of 


! the eyes, cardiovascular and urogenital anomalies and skeletal defects including 
: cleft palate. : 

i Cheng & ‘Phomas (1953) have been able to produce a similar range of malforma- 
) __ tons by the use of a vitamin E-deficient diet. 


Derangements of normal metabolism may occur either through a natural or an 
experimentally induced hormonal deficiency or by the administration of hormones 
in excessive quantities during’ pregnancy. Gross hormonal disturbances during 
Pregnancy in man probably result in abortion, but ptobably of more importance: 
from the standpoint of malformations are disorders of less severe degree or of short 
duration, which may be overiooked. 

Hoct, Brasseur & de Meyer (1955) have drawn attention to the relationship 
between a reduced glucose tolerance in Pregnancy, not amounting to clinical 
diabetes, and the occurrence of congenital malformations in man. The need for 
caution in the administration of cortisone during early pregnancy is suggested by 
the report of cleft pzlate in a child whose mother had been treated with cortisone 
(Ilarris & Ross, 1956). ‘The association between naturally occurring thyroid deficiency 
during gestation and cectinism is tco well known to requize further coniment. 
Experimentally, Lang:naa & van Faassen (1953) have shown that partial thyroid-, 
ectomy carried out in female rats shortly before pregnancy will result in the birth of 
young with cleft palates and eye deformities. : 

Tt has becn shown experimentally that administration of cortisone increases the 

" incidence of cleft palate in a genetically susceptible strain of mice (Fraser & Fainstat, 

1951), and cleft p:late has also been produced in rabbits by the injection of cortisone 
| during pregnancy (Fainstat, 1954). The injection of insulin into Pregnant animals 
May also provoke the appearanee of malformations in the young. Smithberg, 
Sanchez & Runner (1956) were able ta produe exencephaly and skeletal deformities 
in mice by this method, and malformations have also been induced in rabbits. 
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An interesting line of research has been opened up by the discovery that the 
incizence of congenital malformations produced experimentally by hypervitaminosis 
A can be inAvenced by the concurrent admini. :ation of hormones and antihormones. 

Tt appears from experiments carried out by us that though the concurrent 
administration of some substances has an augmenting or synergic eficct on the inci- 
ence of abnormal young producea by hypervitaminosis A, other substances exert 
a protective effect. In experiments in which cortisone was given in addition to 
vitarnin A there was an increase from 78 to 36-6° in the number of young with | 

‘Geformities of the brain and skull (Millen & Woollam, 1957) and from 29°7 to 100°, 
in the number with cleft palates (Woollam & Millen, 195). Treatment with methyl-, 
thiouracil in the drinking water resulted in an increase to 68:8 in the number with 
tmaiformations of the head (Woollam & Millen, 1958). On the other hand, the con- 
current administration of thyroxine in one group of experiments, prevented the 
deformities due to hypervitaminosis A (Millen & Woollam, 1959). In another Scries, 
vitamins of the B complex were given at the same time as vitamin A and the incidence 
of young with cleft palate fell from 314 to 3-4% (Millen & Woollam, 19584). 
Protamine zinc insulin administered concurrently with vitamin A and cortisone 
appeared to protect the young against the augmenting effect of the cortisone. Instead 
of an inczease in the number of young with brain deformitics there was a reduction 
to 1°2%4 (Millen & Woollam, 19556). 7 

Many lines of thought are suggested by rhese experiments. Is the effect of 2 
hypervitaminosis A to produce a relative échciency of other vitamins by displace- 

“meat? Cortisone and insulin have’ impartant relationships to carbohydrate meta- 
bolism. Could it be that the basic defect in teratogenesis is an crror in the metabolism 
of carbohydrates that is insufficient to manifest itself clearly on clinical examination? 
Cextainly the observations of oct et al, (1955) on the association between a pre- 
dizbetic conditicn during Pregnancy and the occurrence of foctal malformztions 
would support such a possibility. 

This review of the relationship between maternal nutrition and abnormal foetal 
development has of necessity been both brief aad compressed. There are two 
points that scem woith making in sum:ing up. The first is the need for further 
investigation, from the clinical standpoint, of maternal nutrition curing pregnancy, 

ih particular emphasis on the possible importance of minor degrees of vitamin 


tency in the first 3 months of Pregnancy. The secon? is the valuc of the terato- 


genic experiment as a test-tube, as it were, in which the interaction of vitamins and 


hormones may he studied. The soluti 


mother’. 
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. Body stores in human pregnancy and lactation 


By A. M. Tijostson and F. E. Uytrex, Obstetric Afedicine Research Unig (Medical. 
: Resvarch Council), Unizersity of sUberdcen 


It is generally belicved that, in man as well as in animals, meciabolisin during 
Pregnaycy is strongly anabolic, storage tehding to exceed the amount attributable 
to the growth of the product of conception and the enlargement of the organs of 
reproduction. The surplus is-usually interpreted as a rcéerve fur lactation, in which - 

' the trend is believed to be katabolic. But the evidence for man is scanty, and the 
great variation of the gain in body-weight in human pregnaacy suggesis that there 
must be many exceptions. . 


Aletabolism during pregnancy 
There was originally some controversy abeut.the exteat to which foetal growth © 
depends on the adcquacy of th: diet taken by the mother, but most authorities sow 
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agree that within a wide range of dictetic conditions the human foetus will grow 
normally, if necessary at the expense of the maternal tissues. Thus, the needs of the 
foctus place a lin:i: on maternal storage if the diet is inadequate for both. 

The average mets gains abect twice as much weight during pregnancy as can 
be accounted for by :+~ crowzh of the product of conception and enlargement of 
the organs of reproduc:ion. Tabie 1 gives mean valucs relating to Aberdeen primi- 
parae who were allowed to est to cppetite during pregnancy. The mean net gain of 
maternal weight was 4-1 ig; of which less than 2 kg can be accounted for in the 


breasts and uterus. Little or nothing is knows about the nature of the material 
stored and the sites of storage. Fos : . 


e 
. 


Table 1. Mean distribution among different lisswes of gain in weight in pregnancy of 
Aberdeen primiparae who were eating to appetite 


Foetus, placenta, amniotic fluid sokg Lost at parturition 
Increase of plasma and extravascular water 3-4 kg Quickly lost after parturition 
Increase of maternal stores, including wtkg Persists after parturition 
increased weight of utcrus and breasts, 
Total gain tag kg 


Averages of this kind may be altered as a result of clinical policy. Pre-eclampsia, 
an abnormality of late pregnancy characterized by hypertension and often by 
ocdema and proteinuria, is usually accompanied by high gains in body-weight, 
which many obstetricians try to prevent. Dieckmann, Turner & Ruby (1945) went 
so far as to say that the total gain cf weight during pregnancy should not exceed 
7 or S kg, and on this standard it would be almost impossible for the mother to 
store nutrients in her non-reproductive tissues. 

Averages also conceal a wide variation. Many pregnant women gain less than half 
Or moze than twice the average amount of weight. At present, we have very little 
idea of the physiological and clinical significance of such variations. High gains 
appear to connote excessive storage of water as well as of ‘solid’ tissue and are 
accompanied by an incresscd incidence of pre-eclampsia, whereas low gains are 
assoc:tied with reduced birth weights (Thomson & Billewicz, 1957; Thomson, 
1959). 

Serial measurements of body composition during pregnancy are difficult. Most is 
known about changes in body water and its *compartments’, but some of the tech- 
niques used ia the past are now known to be misleading. Calculations that involve 
the use of constants relating to the non-pregnant state, for example the intracellular 
Water content, are also likely to be misleading; there is no doubt that the milieu 
intérieur, far from being constant, undergoes necessary changes during Pregnancy. 
Much less is known about chances in the ‘solid’ tissues during pregnancy. Many 
Pregnant women say that they ‘put on fst’, especially around the hips. Skinfold 
measusements may help to confirm such statements, but at present there seems to 
be no satisfactory way of measuring the total body fat gained or lost. 

Storage can be measured also in balance studies. We will consider nitrogen 
metabolism only. Murlin (1917) and Mellanby (1933) believed that the nitrogen 
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hatance during the first half of pregnancy is negative. Though the absence of satie- 
' 


factory evidence in man was admitted, they considered a negative balance to be 
physiological, and due to extensive proteolytic activity by the trophoblast. Vomiting 
in exely pregnancy was interpreted as x sign rather than as a cause of katabolism. 
‘The scanty evideece now available indicates that in man retention of protcia is usual - 
in ecrly as well as in late pregnancy. Harding (1925) wondered if this might be a 
uniquely human characteristic. : : : : , 

A positive nitrugen balance is undoubtedly usual during the second half of 
pregnancy. Macy & Hunscher (1934) estimated that there is an average total retention 
during pregtancy of more than soo g nitrogen, of which about 370 g are stored in 
the maternal tissues as a reserve ‘to prepare the maternal body for mecting the 
physiologic needs of lactation’. : ; 3 : 

Most of the balances cover short periods only, and may not be reliable. But three 
continuous balances from mid-pregnaney or earlier to parturition agree in showing _. 
net nitrogen storage, after allowing for losses at parturition, ranging from about 
200 g toat least 446 g (Ioffstrém, 1910; Wilson, 1916; Ilunscher, Hummell, Erickson 
& Macy, 1935). If figures such as these are representative; the nitrogen must"be ° 
stored as protein without much associated water; otherwise they are almost impos- 
sible to reconcile with the accepted avcrages for weight gain dusing pregnancy. © 
It may be: that nitrogen-balance experiments tend to overestimate the extent of 

_ storage, as is suggested by sume studies of animals where the results have been -— 
checked by carcass analysis (Nchring, 1957). 


Metabolism during luetation 


We have reviewed this subject in more detail elsewhere (Hytten & Thomson, 1960). 

Nitrogen balances are strongly negative for a few days after parturition, when the 
uterus is involuting and the maternal organism is readjusting to the non-pregnant 
state. The relatively few balances that have been made after she immediate puceperal 
phase mostly indicate rctention. The reverse idea, that the belance is characteristic- 
ally negative during the period of mature milk flow, scems to rest- almost entirely on _- 
analogy with animals, and on one woman studied di:ring her fourth lactation by 
Hunscher et al. (1935). In two previous lactations, the nitregen balance of the same 
woman secms to have been positive (Hunscher, Donclson, Nims, Kenyon & Macy, 
1932-3). 

"e therefore doubt that nitrogen katabolism is characteristic of human lactation. : 
The losses of protcin in breast milk are relatively small, usually less than 10 g/day 
and, if the dict is reasonably adequate, reserves should not be necessary. On the 
other hand, the production of milk may require the expenditure of at least 1000 
keal/day, an amount which may not readily be supplied from the current dict, 
‘Thus, the provision during pregnancy of a reserve of energy in the maternal tissues 
appears to have practical value, The storage of energy mainly in the form of fat 
tather than of protein seems probable. - : ; 

_ If body stores are used during lactation, the mosher must lose weight. Very little 
information is available. The few studies of metabolism during lactation in which 
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changes of body-weight are given show gains 2s well az losses. We have compared 
trends in the body-weights of thirty-seven Aberdeen primiparae who lactated for 
at least 10 weeks and thirty-five who lactated for not more than 3 weeks. A majority 
in both groups lost weight, but more in the breast-feeding group, in which the 
average loss was also greater. The women who lost most weight suffered most from 
tiredness, backache and other symptoms of impaired health. 

There seems to be no correlation between the amount of weight gained during 
Pregnancy and the yield and composition of breast milk. Apparently the production 
of mitk, like foetal growth, can if necessary proceed more or less norinally at the 
expense of the ordinary maternal tissues. ‘The provision of special stores during 
Pregnancy thus scems to he more important from the point of view of the lactating 
mother's health and well-being than from that of milk production. 


Conclusions 


Obviously, more research is needed. It is certain that the balance sheet of storage 
and loss varies greatly. We need measurements of the amounts of materials stored 
or lost, and analyses of the clinical significance of different patterns, Only in this way 


can we decide what is ‘normal’ and physiological, and what indicates inefficiency or 

abnormality. 

pe 
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The influence of nutrition on female fertility ir some of the large domestic 
animals 


By S. L. Miexetr, Wellcome Veterinary Research Station, Frant, Sussex 


Little reliable information concerning the in‘luence of nutrition on the fertility of 
larger animals exists. There have been few well-planned experiments, but many 
expressions of opinion based on ficld ubservations. ‘The views put forward are often 
conflicting and irreconcilable with the existing circumstances, which tends to throw 
suspicion on those who attach importance to the influence of nutrition on the fertility 
of large animals, 
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In this contribution I propose to deal with cows and to compare ewes and sows . 
with them. Although little work has been undertaker 1 this ficld, it will “ee im- 
possible to refer to it all. ; ; - 


| 


: ‘ Energy 
Ilaxter (1957) suggested that impaired breeding efficiency can he due to a lack 

of energy in the dict, but Hignett (1959) expressed the opinion that, within wide 
$ __ limits, shortage of carbohydrate and protein in the dict is self-limiting in its effect on 
* the breeding performance of female cattle. If the cnergy available is low anoestrus 
is likely to result. When the plane of nutrition is higher, i.e. sufficient to permit 
ovarian activity buc insufficient to maintain grewsh or lactation, a mating will most 
probably be successful. Cattle receiving a still more gencrous ration show increased 
gcowth or milk yield or both, tut we believe it is this last group that is most sensitive °. 
to a deficiency or excess of certain mincral elements in the dict so that fertility.may 
be impaired. 
} In observations over a period of 3 ycars Foute, Pope, Chapman & Casida (1959) ° 
| showed that the plane of outrition scemed to have a variable influence on the 

reproductive efficiency of ewe lambs. One year the ‘flushing’ of ewes appeared to 

jacrease the number of ova shed, whereas another year a higher plane of nutrition 

a associated with an increase in carly foctal deaths. 

Vith the sow and the gilt Kvasnitsky (1956), Saunders (1958) and Coan & 
fy ensen (1959) produced cvidence that a high plane of nutrition is likely to reduce 
reproductive efficiency, although the first author also mcriminates inadequate 
feeding as a cause of porcine —- 


Fibre j : 
Saunders (1958) recorded that, in a group of twenty gilts, a sudden change from 


succulent food to dry fibrous grazing resulted in severe constipation and cighteen 
of the animals produced partly stillborn litters. 


Vitamins 

Of the fat-soluble vitamins, vitamins A and D are important for reproduction 
in the larger animals. On the other hand, vitamin E deficiency has no influcnce on 
fertility in female cattle (Gullickson, Palmer, Boyd, Nelson, Olson, Culverly & 
Reyer, 1949). . 

Vitamin A. Vitamin A deficiency definitely leads to infertility in female cattle. 
Depending on the degree of the deficiency and the time at which it occurs, the signs 
associated with the reproductive mechanisn: include anvestrus, frequent return to 
service, ubortions and the birth of dead and weakly calves at full term (Ilan & 
Guilbert, 1933; Axclsson, 1947). Avitaminosis A is not uncommon among heifers 
yarded dusing the winter and receiving a ration consisting almost entirely of sugar- 
beet pulp and oat straw. In ewes Guilbert, Miller & Hughes (1937) state that 
iheringe of vieansin A Gherfocen wick on aeaitnaens of pengnsney ait S15 
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the birth of weakly lambs. With gilts, according to Saunders ( 1958), vitamin A 
deficiency increases the incidence of stillborn piglets. 

Vitamin D. Wallis (193$) has produced evidence which suggests that 2 deficiency 
of vitamin D can lead toa fall in the fertility of female cattle. This finding is supported 
by the observations of Hignett & Hignett (1953). They pointed out that if the phos- 
phorus intake was rather} >w (less than 20 g& P,0, in excess of the 23 2 for maintenance i 
aad 19 g’gal milk usually accepted) then a widening of the calcium:phosphorus | 
ratio led to no depression of fertility of animals mated in October and November, 
when presumably the vitamin D status was high, but led to a marked fall in breeding 
performance of animals served the following February and March (Fig. 1). It is of 

| 
: 
| 
| 
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Fig. 1. Relationship between the ratio CaO :P,O, in the dict and conception rate ({no. animals holding} 
Mo. mated) > 160) at fist mating of cows receiving P,O, less than 20 g in excess of the usually 
accepted amount of 23 g for n:aintenance and 49 ¢/zal milk and served doting (1) October and 
Novernber 19:9 of (B) February and March 1950. 

Significance of i:ncar fegression: (1) > o90; (B) < o-2. Significance of deviations from 
lincarsty: (4) >o-99; (B) 0°95. Figures in Parentheses are the numbers of animals mated. 


interest that these results were obtained during the winter of ig:,j-50, a winter 
following one of the best summers on record in the south of England. Present trends 
in crop husbandry and conservation—kale growing, silage making and grass drying— 
often result in carotene-rich feeding -stuffs being given to the almost complete 
exclusion of hay; and hay is the dairy cow's chief source of vitamin D during the 
winter months unless a vitamin D supplement is provided. Furthermore, it is 
accepied that some at least of these carotene-rich foods contain a factor antagonistic 
to vitamin D (Grant, 1951; Weits, 1952). Stockdale (1956, unpublished) obtained | 


evidence that a low vitamin D status ia pigs could have an adverse effect on 
Seprocuctive eficiency. 

Vitamin E, Aithough vitamin E is generally regarded as having litle influence 
on the fertility of female domestic animals, Lunca, Bratescu, Otel, Maior & Simine! 
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(1956) reported that injections of this vitamin into sows on the ist day of oestrus and 
again 15-16 days later led to an appreciable increase in litter size. : 
Water-soluble vitamins. As far as fertility is concerned the most important is 
probably vitamin B,,, a shortage of which occurs chiefly in ruminants suffering 
from cobalt deficiency. In affected females anoestrus.is common, usually resulting 
from impaired appetite and greatly reduced food consumption. Dunlop (1948) 
claimed that the provision of cobalt supplements increased the lamb crop and 
decreased the number of barren ewes on the majority of Scottish hill grazings 
included in his investigations. There is also evidence that a vitamin B,, deficiency 
had an adverse effect on the breeding capacity of pigs (Mollgaard (19§2), reporting : 
the work of Moustgaard & Olsen). oy 


Minerals 


Of the minor mineral elements, cobalt has already been mentioned. 
Copper. Absolute and conditioned deficiencies of copper are encountered in cattle : 
and sheep in many parts of the world, including Britain. There has heen some 
controversy about the effect of hypocuprosis on bovine fertility. In gross deficiency 
inanition occurs and anoestrus is not uncommon, but in less severely affected animals 
ovarian activity is maintained. It would appear that in the majority of herds with 
‘low blood-copper values there is impaired female fertility. On the other hand, 
there are some herds which have low blood-copper levels but maintain a high con. . 
ception rate. ‘hese findings suggest that copper deficiency, absolute or conditioned,’ 
has little effect on breeding performance, but with hypocupraemic cattle of low 
fertility the administration of capper leai's, almost sways, to a sudden and dramatic 
improvement in fertility. With the ewe, low blood copper docs not scem to reduce 
the size of the lamb crop.- Nevertheless, because of the associated swayback, it may 
result in a marked reduction in the number of viable and uscful lambs born. 
Todine. lodine is usually considered an essential for normal reproduction of all . . 
specics, but it is dificult to find conclusive evidence that iodine deficiency, absolute 
or conditioned, leads to infertility in cattle. Even when fertitity problems are 
associated with thyroid. dysfunction the latter 's net necessarily syonymous with ~ .- 
iodine deficiency. There is some circumstantiat evidence that under certain con- 
ditions an iodine deficienc, -an interfere with the establishment of Pregnancy in 
cows (Hignett, 1957). [tha ! suggested that goitrogens in kale and other members 
_ Of the brassica family may kod t a conditioned iodine deficiency resulting in abortion 
or the birth of stillborn calves (White, 1954). With skeep it has been established - 
that when pregnant ewes are folded on kale, the plant goitrogens present can lead 
toa very high percentage of weakly lambs, many of which die within 2-6 days of birth 
(Shand, 1952). The role of iodine in porcine rcproduction is not clearly defined, 
but work in Nosth America (Smith, 1917) indicates that iodine deficiency increases 
the incidence of stillborn and weakly piglets. According to the report very few 
young produced by sows.on. iodine-deficient diets survive for more than 36h. 
Mongaxese. There is auch speculation about the importznce of mangarese in 
bovine reproduction. Hignett (1941) suggested that mangancse deficiency leads to 


te. 
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avarion dysfunction in cattle. Bentley & Phillips (1951) produced more convincing 
svidence that adayvate levels of monganz’¢ in the diet are essential for fertility of 
heifers. Sechles (1949) has also Crawa attention to the importance of manganese. 
. More recently, Hignety (1956, 1959) has produced evidence to support the view that 
the dictary leve} of manganese necessary for high female fertility depends on the 
aeintive amounts of certain major mineral elements and perhaps other nutritional 
factor. present. Van Kovtsfeld (1954, 1938) hus shown that the manganese content 
of hairs. related to conception rate. It is generally accepted that manganese is 

essential for Dreeding «ficiency of sows and gilts. : 
P Calcium gnd phosphorus. Of the majer minczais, most attention has been paid to 
y - calcium and phosphorus, It has long been accupted that a gross deficiency of phos- 
phorus, leading to clinical aphusphorosis, results in loweted breeding performance 
of cattle (Du Toit & Bisschoy,, 1929). In such animals there is a high incidence of 
anoestrus, Cows will come on heat after calving and, if served then, do not returs 
to service, but of ¢xamination are found not tc be in calf. Hignett & Hignett 1951) 
produced evidence suggesting that the recommended levels of dietary phosphorus 
for dairy cows, to which reference has already been made, were not always adeqoate 
for nurinal fertility of cows ans heifers. Furthermore, with such levels of phospho-us, 
a widening of the calcium : phosphorus ratic of the food could depress fertility still 
further. As previously . eationed, planned feeding experiments derronstrated that 
the heifer’s requirement for manganese for high fertility is largely determined by 
dictary calcium ind phoephorus (Hignett, 1956, 1959). The dic*ary calcium : phos- 


p2 
phorus status (x,) was assessed by the use of the formula G (where P is the oral 
‘a 


consumption ir. g of clenientary phosphorus for cach 160 tb body-weight and Ca 
the corresponding ineasure of calcium). When manganese consumption was low 
(less than yo mg elementary manganese/100 Ib body-weight) fertility could be high 
when calcium and phosphorus were balanced (x, = 1-0-2'0). On the other hand, if 
ietary manganese Icvels were high (more thar. 106 mg/100 Ib body-weight) fercility 
wes high when calciim was excessive relative to phosphorus or vice versa (x, <o5 
or 53°75). This finding is well illustrated in Fig. 2. Further experimental evidence 

_ has shown that, even with a high consumption of manganese, it is possible to get 
calcium and phosphorus so very much out of balance that fertility of heifers is 
+ impzired. Analysis of fecding-stuifs used at the three Bull Progeny Testing Stations 
in the United Kingdom indicates that during a scrics of first matings of first-calf 

heifers ay those centres, during the years 1953, 1956 and 1957, the dictary calcium, 

phosphorus and mangancse levels placed all animals in the top right-hand corner, 

i : ie. in areas B,C, E or F, uf the ficld shown in F ig. 2, at the time of first mating, It is 
proba'ste that, ia the average herd, animals fall into this part of the field at th. time 

of service. The whole story of the calcium-p]sphorus~manganese complex aud its 

infucnce on bovine fenility suggests that major minerals affect the utilization of the 

mar.ganese required for one or more enzyme systeins essential for the establishment 

: and maintenance of pregnancy. In fact, one is left wondering if theze is not an 
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Dietary tak:ium: phosphorus status 
Fig. 2. Ralationship between dictary calcium, phosphorus and manganese 


and ennception 
animals hulding/no. mated) « 100) at first mating of heifers, ‘The dictary calcium 
satus, x,, is determined by the fonmula = where P is the intake of slemuntery phosphorus ia. 
hes Ib body-weizhr and Ca is the intake of clenentary calcium in gisco Ib budy-weighy 


igures in paremthes: 4 are the of animals moied. 


important connexion here with the most interesting and yaliable observations of — 
Lutwak-Mann and her colleagues on the biochemistry of the foctus and its jmmediate 
1955-6; Adams & Lutwak-Mann, 1955-6; Jacobson 


environme:.2 (Lutwak-Mann, 
& Lutwak-Mann, 7956-7). 


Oecstrogens 


Since Bennetts, Underwoad & Shier (1946) demoustrated that Ocstrogens in 
subterranean clover could lead to reproductive disarders in sheep in Westera 
Australia, much thought has been given to the possible effect of plant oestrogens 
on the fertility of grazing animals. ‘The true position with regard to cattle has not 
yet been assessed, although Rowson (1959) has cast new light on the possible role of 
these oestrogens in bovine infertility. Ht may be that plant oestrogens and minerals" 
have a joint cffect. ‘There is circumstantial evidence thgt these oestrogens. can 


depress porcine fertility (Saunders, 1958). 


In this review little attempt has been made to suggest the maaner in which: 


deficiencics or excesses of dictary consti:vents influence 


_ Conception cate (%): 


reproductive efficiency. 
Gross deficiencies depress ovulatory activity and often result in anoestrus. Oa the 
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ft i in prenatal mortality. There is eviderice 
estrogens interfere with fertilization of cw 
the time taken for cattle and sheep ova to reach the uterus (Rowson, 3959). A high 
plane of nutrition sometimes appears to increase ovulation rate in sheep (Foote 
et al. 1959); it also increase ovulation rate in gilts (Haines, Warnick & Wallace, 
1959). The latter workers, together with Gossett &. Sorensen (1959) have demon. 
strated that oa such a ration there is, in addition, an increase in the Percentage of 
Prenatal mortality. With avitaminosis 4 it is thought by some that changes in the 
encometrium can prevent implantation. Deficiency of the vitamin during the later 
stages of pregnancy results in foetal death. 

Finally, the importance of stress associated-w 
de overemphasized. Time after time it has been noted that the anima! 
show the e:fce: of deSciencies or excesses of icta 
sn otherwise desizable and Hberal ration and 
milk yield or both. This feature of nut 


that plant 
es (Sanger & Bell, 1959) and also affect 


8 which firs: 
ry Constituents are those receiving 


hence showing a high growth rate or 
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Effect of nutrition on androgenic activity ‘and: Sperinatogencsis In 
: mammals 


By T. MANN, A.R.C. Unit of Reproductive Physiology and Niachemis 
Veterinary Medicine, University of Cambridge 
e 
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reproductive function is b 
because the processes inv: 
accurding to climate, environmental conditions, food habits, and the age of sexual 
maturation. * further con i 


nplication arises from the effects of so-called ‘nervous’, 
‘stress’ or ‘conditioning’ factors whic jizements of an 


individual for a specific nu ing the absorption of food, storage and 
wilization of metabolites in the tissucs, an extent that the 


result is ‘malnutrition’ in spite of adequate food Coinposition (Ershoff, 1948). Yt muse 
also be kept in mind that failures of re by ‘malnutrition’ 
may be aggravated by congevaital anatomical as well as genetic factors. However, by 
far the greatest difficulty » aisal of reproductive disorders 
due to ‘malnutrition’ ¢ to the lack of a 
specific dietary compoient suc clement, or an essential arming 
acid, and secondary ¢‘Terts aris 

ard, finally, inanition, 
Feasons why pair- 


postant prerequisite for all 
igations on the relationship between nutrition and reproduction, 


hject of nutritionally conditioned reproductive failures 
st and abounds in observations on testiculer atrophy, SY Naecomastia, 
ditninished libido and impotence, associated with sich conditions as diabetes, 
hepatic Cirrhosis, atrophic Slossitis, gingivitis, scborrhea, keratosis of the cyclids 
and others; ja this category belongs alxo the important study of Evans & Burr (2927) 
on degenerative and atcophic changes in the testes and male sterility, associated 
With deficiency of vitami ‘ i 
an imposing totai of valuable data which have becn com 
time to time, in Particular by Biskind (1945), Hertz (194 
(1948), Mason (2949), Ferrando (1953}, Mei 

Fecently by Lutwak 
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I. Intropucrion 


In presenting a coucluding paper to the Symposium in honor of Professor 
Karrer’s great coniributions to organic chemistry and biochemistry, I 
propose toa attemps im appraisal of the present state of a few aspects of 
work on vitamin A-and to add to it a commentary based in the main on the 
topics discussed at this symposium. ‘ 

I first became interested in vitamin A in 1926 or 1927, and having 
watched the subject grow I am wel) able to appreciate our debt to Dr. T. 
‘Moore, whose treatise on vitamin A (1957) reduces to order the scattered 
and voluminous literature and shows that this one compound, placed in its 
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rennlectomy brought about no great change. Similarly, adrenalectomy of 
rats on a stock dict. did not Apprectably change the liver concentration of 
liver vitamin Ay, ubiquinone, and ubichromenol (Phillips and Morton, 
1959). Vitamin E-deficient rats showed no rise in liver ubiguinone; ubi- 
chromenol was not found (Marion and Phillips, 1959c), 

Small amounts of ubiquinoue and very small amounts of ubichromenol 
were found in the normu! kidneys of various species (Lowe ef al., 1957). 


The best source of ubichromenol was normal human kidney (Mervyn and - 


Morton, 1959). ’ 
The rise in ubiquinone in vitamin A-deficient rat iiver is discussed by 
Wiss and Gloor (this volume). 


The later rise in ubichromenol may mean an fn vivo conversion of ubiqui- . 


none. Although under certain conditions ubiquinone can be converted to 


ubichromenol in vitro, it scems very unlikely that the compound is an arl- 


fact of isolation. The natura! product is optically active. 


V. Thr Dericrency Syxpnous 


1. Bone and Nerve Symptoms 


Dr. Moore has presented at this Symposium a very clear analysis of this 
problem. In spite, however, of all the work that has been dune on the symp- 
toms of vitamin A deficiency—Joss of weight, loss of appetite, xerophthale 
mia, night blindness, and so on—the situation remains in many ware 
blurred and i imprecise. 

Some years ago in connection with our work on ubiquinone, my calleayues 
and I had occasion to sttidy the vitamin «\-deficiency syndromes iu rats and 
guinea pigs, in young chicks and older birds, and it was the differences 
rather than the similarities betweer species that impressed themselves on 
our minds (Heaton et al., 1955, 1957; Lowe ef al., 1957a).. The deficiency 
state may possibly be buced on a biochemical “lesion” common to ali the 
species, in the sense that some fundamental process is blocked, but it must 
be admitted that such a view rests more on a faith in uniformity than on 

evidence The rats on a vitamin A-deficient diet behaved in the expected 
manuer; there was a slackening of “growth” (i.e. weight increase) followed 
by a weight plateau with subscquent anorexia, loss of weight, and xeroph- 
thalnia, with numerous other late symptoms of epithelial metaplasia. 
‘Nhe sequence of events (or their consequences)'was very different for chicks. 
Nerve lesions were dominant and indeed death occurred in the young birds 
before loss of appetite or eny sign of xerophthalmia, In the older hirds 
neural dysfunction and retarded sexual development were prominent, 

Aberle (1934), Mellanby (1926, 1931, 1934, 1991, 1944), L. A. Moore 
(1939), Raw (1936), and their calleagiin found that in RoINe Apecics NCTVE 
degeneration, evidenced by musculur incoordination, stiffness, deafnes:, 
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and blindness, could result. from diets low in vitamin A Kiven over a fairly 


long period of time. The histological evidence of neural degeneration was 
convineing, but the notion that. xerophihalmina was secondary to a nerve 
lesion could not be sustnined. Indecd, rats (hat. survived for come little lime 
after the onset of rapid weight loss and the Nppearance of acute xerophthal- 
mia often developed paralysis before death. L. A. Moore ct al. (1935), in a 
very able paper, showed that. in calves blindness brought about by vitamin 
A deficiency was a result of atrophy of the optic nerve caused by pressure 
of bone. The bony canal had Locume too narrow, 

Now it. must be remembered that. the early distinguishing of vitamin A 
and vitamin J) rested upon ascribing (o vitamin PD the regulation of cal- 
cium-phosphorus metabolism. Moore found it. surprising that vitamin A 
too played a direct part in bone physiology, and he was more ready to con- 
sider clevated intracranial Pressure as 0 cause of the lesions, On the other 
hand, Meilanby (1938) had observed deafness in vitamin A-deficient dogs 
and had traced it to lesions in the 8th nerve associated with bony over. 
growths. L, AJ Moore and Mellanhy were independently farced to the con- 
clusion that vitamin A-lefieiency was somehow associated wit h abnormali- 
tics in bone. 

L. A. Moore and Sykes (1941) however, cstablished a four- {o sixfold 
increase in cerebrospinal fluid pressure as a characteristic of vitamin A 
deficiency. The “fits” seen in cockerels (Lowe ct al., 1957a) deprived of vita- 
nin A resembled the convulsions and faintings described cartier, Mellanhy 
(1941) also observed a rise in intracranial fluid pressure in vitamin A-do- 
ficient puppies. : 

Woollam and Millen (1955) found that the raised cerebrospinal fluid 
pressure in chicks was an carly mauifestation of vitamin A deficiency, which 
picedded overt acural disturbance. Similar results had been obtained by 
other workers un calf, shcep, and pig. : 

Melianby (1944), in a fainous Croonian lecture, cloquently stated the 
theory that vitamin A regulated osteaclastic action and vitamin D regulated 
osteoblastic action, The function of vitamin A was manifested in the “mod- 
cling” of the collagenons bone matrix. Wolbach and Besscy (1941) advanced 
an alternative theory and ascribed the nerve lesions to mechanical damage 


resulting from arrested bone growth with continued normal growth of nerve, 


Rats subjected to simple undernutrition failed to grow, but no colnpression 
of nerves was scen. . : 

Rigdon (1952), however, was not. convinecd that bony overgrowths were 
fundamental and held that there was a Primary nerve lesion caused by de- 
gencration of cells in the spinal cord. Blakemore c! al, (1957) accepted the 
fact of a tack of balance between the growth of bone and nerve, hut in the 
bovine they found no evidence of bony pressure on the nervé. Instead they 
recorded the lengthening, twisting, and kinking of the optic nerve, Finally 
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break ip the nerve may be delayed until “growth, under normal nutritional 
conditions has imposed a further st ress on the primary anatomical lesion." 
It scems elear that vitamin A deficiency does result. in nerve lesions which 


may be primar; and irreversible, 'The issucs concerning bone are still some- ' 


what uncertain. 


28 ydrocephalus and Congenital Abnormalitics 
<The work of Millen et al. (1953, 1954) recorded that rabbits born from 


mothers kept en a vitamin A-de icient dict often exhibited hydrocephalus, > 


Ossification was iacemplete, aud.no bony overzrowths were seen. ‘The ex. 
panding brain under increased cerebrospinal fluid p »ssure brought about 
bone distortion, which would here be quite a secondary plicnomenon, The 
primary effeet was thought to be ‘excessive production of cerebrospinal 
fluid. ‘This notion is itself a litle difficult since the flvia is continually pro- 
duced and is nonnally baluneed hy absorption. The jundamentai lesion is 
still clusive. The effects of vitumin A-deficiency on Pregnancy (Section VI) 
and embryonic development are very serious (Mason, 1935 >; Newton, 1938; 
Hale, 1933, 1935, 1937; Anderson, 1941, 1919; Warkany and Schraffen- 
berger, 1944, 1946). Woollam and Millen (1956) include the production 


. Of diverse major congenital abnormalities in the heart, kidneys, genito- 


urinary tract, eyes, cirs, palate, and at other sites in the hody in many 
ficiency makes 
its greatest impact at the particular stage in gestation when the supply to 
the fetus falls: below s0INe critical ‘level, and some crucial process fails to 
Procéed normally for want of the Appropriate biovatalyst. This crucial proe- 
ess, if it exists, must have a high degree of Eenerality for growil; processes, 

n our work on vitamin A deficiency in the domestic fowl (Lowe ef al., 
1957), there was marked retardation of sexual development in males and 
none of the vitamin A-deficient pullets laid any cegs> 

The over-all picture of the damage done by vitamin A deficiency inspires 

awe. Dr. Moore says in his book: “It scems reasonable to conclude that 
Vitamin A deficiency can have primary effects on nerves, bones and epi- 
thelial tissues.” One can agree that the attempt to sort our primary and 
secondary effects has not becn wholly successf ul Tt is equally necessary to 
say that not one of these cifects has yet been related to the cheinical strue- 
ture of vitainin A in a scientifically servicenble manny 


a VI. Virasux A ann Pregnancy 


Lund and Kimble (1943) observed that in Pregnant women plusina vitae 
min A was lower in the thind trimester than in the cond, but that it quickly 
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the nerve broke at. the point of kinking with capping of the divided ends, 
which were joined only by comnecetive tissue, It appears that the actual 
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SUMMARY DISCUSSION 


rose within 48 hours of parturition, Bedansky ct al. (1943) made similar 
observations and agreed that there Was he cotresponding fall in the carot- 
enoids of plasma. ‘The differerces in vitamin A levels were not great; thus 
for 70 women pregnant for less than G months, the avernge was 105 1.U./ 
100 inl., and for 62 women preguint for more than 6 months the avers } 
was 91 1.13./100 ml. plasma. Again, 26 women given 10,000 I.U. of vitamia 
A per day showed on the average 123 3.U./100 ml. whereas 27 vndosed 
pregnant “control” subjects had 93 1.U./100 mi. Plasma on the average. 
Sutton ef al. (1915) studied 28 cows before and after parturition. Plasma 
vitamin A-levels (averaged) fell from ahout. 74 to 35 1.U./100 ml. during 
the 3 weeks preceeding parturition, then remained low for a week 
partum and afterward ose quickly. Plasma carotene similarly fell from 
over 600 yg./100 ml. to under 400, and then rose rather slowly, 
Goodwin and Wilson (1951) confirmed the main findings but thought 
that. the changes were part of a more far-reaching metabolic display at or 
near parturition. The temporary fall may well result in part from the aec- 
cumulation of vitamin A in the colostrum which is being formed in the 
mairmuary glands. Cow colostra with 600-900 I.U./100 ml. of vitamin A 
and 200-500 yg. of carotenoids per 100 ml. are several limes richer in both - 
components than the later milk. This «pplies also to other specics. 
Thompson and McGillivray (1957) studied cattle and heifers in New 
Zealand, where pasture feeding cusures a high carotene intake round the 
year. Jn spite of this, piasma levels of vitamin A and carotenoids were 
found to decrease at or near to parturition, Vitamin A alcohol fell from 
90 I.U. to 53.3 1.U./100 ml. just after parturition and then rose until after 
1 days a level of 80 .U./100 ml. had heen regnined. ‘The carotene level 
rose to about 1350 ug./100 ml. just hefore parturition and then fell abruptly 
to about 900 yg./100 ml. and further to Jess than 750 yg./300 ml. on the 
third day. Thereafter the carotene levels rosé acain, 
Vitamin A ester, almost 5 ug./100 ml. one or two days before parturition, 
fell 10 about. 3 ug./100 ml. from one to three days after parturition. Thomp- 


* son and McGillivray interpreted. the evidence &3 supporting the suggestion 


“that the decrease in plasma components is related to the extra drain of 
colostrum synthesis, rather than to any hormonal changes associated with 
parturition.” ‘ 7 ea 

Labke and Finkbeiner (1958) studied the seru:, levels of carotene and 
vitamin A in human pregnane » at parturition and puerperium, This is 
#n important investigation on a firm statistical basis, = 

Figure J illustrates the results. The mean serum vitamin A for healthy . 
honpregnant women (193 + 24 I.U./100 mi.) fell abruptly (to 143 + 28.3 
1.U./100 ml.) at the onset of pregnancy and then slowly rose (to 166 + 
27.5) just before parturition. There was then a further sharp fall (to 125.8 
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 32.3.1.U./100 ml.). The level in cord blood was only about half that in 
maternal circulation. During the first few days after parturition the serum 
level rose considerably (to over 220 1.U./100 ml.) and thereafter fell to 
nearly the average figure for houpregnant women, The figure also shows 
how the B-carotene level of serum ulso fell strikingly in the carly period 
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Fig. 1. Course of vitamin A and f-carotene levels in serum during preguancy and 
in parturition and childbed, vith corresponding atandurd deviations. Upper curve: 
vitumin A, IU. per 100 ml.; lower curve: 4-carotene, micrograms per 100 mi. After 
 Libke cud Finkbeiner (1958), : 1s 
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of pregnancy but: rose again during whe sceond half to regain the initial e 
devel. The striking full in vitamin A ut parturition was not paraileled. ‘The - Wthequ 
carotene level in cord blood was about 25 % of that charucteristic of mae Roon fall 
ternul blood, ‘ ; beiner (19 
Jn 2 proportion of their cases, Litbke and Finkbciner observed the pres: ' Sorguneg n 
ence in serum of unusual substances (possibly breakdown products of carot- sind beku 
enoids) that interfered with spectroscapie assays, ‘They were seen only — Mangeler. 
during pregnancy and nt parturition or during the first weeks Post partum, Vitainin 
These substances, about which little more Was said, deserve further study. ‘ oe thy 
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Tie fetus is well protceted against excess of vitamin A or carotenoid. 
Only « rmall proportion of cither finds its way across the placental barrier, 
and heavy dosing has but little effect. Liver reserves of the newborn are 
quite low in most of the species that. have been st udicd N’er contra the colos- 
tra, rich in vitamin A and often rich in carotene, are well absorbed and so 
help to build up a store in the tiver of the offspring. — 
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> ng an 1-3. 4-6 7-9. 10-91. 28-70. Days 

0 ml. After Fra. 2. Colostrum and milk: decrease of vitamin A and f-carotene valucs jn 
mothers’ milk. Upper curve: vitainin A, i.U. per 100 mI.; lower curve: 8-carotene, 
micrograms per 100 mi. 


Saag It is quite clear, however, that the vilamin A and carotene levels of milk 
itic of ma- soon fall (Fig. 2, after Liibke and Finkbeiner (1958)]. Labke and Fink- 

beiner (1958) write: “Schwerwiegende Folgen aus ciner unzureichenden Ver- 
i the pres- sorgung mit Vitamin A im intrauterinen Leben und auch im Sduglingsalter 
ts of carot- sind bekannt. Die Seltenheit des Auftretens yon manifesten Vitamin A— 
scen only Mangelerscheinungen darf jedoch nicht dazu verleiten, die Bedeutung des 
st partum. Vitamin A xu unterschiitzen.” They recall a suggestion by O. Neumann 
her study. (1959) tnt vitamin A acts as a catalyst for the transformation of cholestcrol 

into progesterone. The iniplication here is that at the onsct of pregnancy 
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there is a shavply incrensed demand for vitamin A at some site or sites in 
the budy and the rate of withdrawal of the vitamin from the blood streain 
temporarily exceeds the rate of mobilization of vitamin A from the liver 
reserve. There is no evidence that in (hese women the blood levels of vita- 
min A beeame dangerously low or that. their liver reserves were depleted. 

It is, however, important to consider what might have happened if the 
reserves had been low initially. There is also the rather uncomfortable feel- 
ing that magnitude of the normal liver reserves may sometimes lend to an 
Musory sense of security if they are not readily mobilized in physiological 
emergencies. : 
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- At this singe I have little to add to the recent brilliant work of Wald ~~ 
and his school on the role of cis {raxs isomerisin (Wald, 1952, 1958). ‘The ' 
elucidation of the relationship between one cis isomer and opsin to form but pa i 
rhodopsin leaves at least two major questions unanswered. First, there is —— 
no satisfactory explanation in terms of chromophori« groups of the pluratity d “gr 
of visual pigments, no. for the shifts: rhodopsin (500 my) — porphy ropsin "nh ° 
(522 my); iodopsin (560 mz) — cyanopsin (620 mz). link 
The attractive work of Goldsmith (1958) on the visunl system of the bee Hi 3 
(Apis mellifera) by the recognition, of retinene in the head tissue suggests . Mig 
that insect vision may have much in common with that of other animals. region 
Yet the photosensitive substance has Amex 440 my and is readily solubie in that thi! 
plain water. Further light-sensitive materials have sensitivity maxima suinabl | 
at 335-340 and 490 my. ‘To get from retinene, With Awex 370 mp to a sub- i ionallit. 
stance with Awex 335-340 my, it is necessary to neutralize the C=O chro- ” Ng 
mophoric effect without producing the bathochromic shift seen in a Schiff Fh 
hae be ae se oa ae amino 
‘ Ox , ' tion of 
R—CHO — n—ci” ? 340 mp “ e% 
ox more w} 
* R—CHO + H;NX —- R—CH-X 440 my ullsche 
' and eh; 
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1. Action of Enzymes on Rhodopsin 


Radding and Wald (1958) showed that chymotrypsin attacks rhodopsin If we | 
in two stages: (1) an initial rapid process exposing 30 amino groups per in ‘Tab! 
molecule wiihout bleaching and (2) a slower hydrolysis exposing about 50 active 
additional amino groups with proportionate bleaching. Chymotrypsin at- former : 
tacks peptide linkages of aromatic amino acids with methionine, uppurently the fre | 
in rhodopsin itself rather chah in protein impurities, This seems to Indicate in the: 
frapmentation of rhodopsia without attack on the site of attachment of. 
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THE TERATOGENIC EFFECTS OF HYPERVITAMINOSIS A 
UPON THE FACE AND MOUTH OF INBRED MICE* 


Harold Kalter 
Children's Hospital Research Poundstion and the Depariment Pettiatrics, College 
vd slides, Caltenhy f Caatmals Casal ate 
Introduction 


The field of experimental mammalian teratology has caught the interes: ¢ 
individuals in a large number of disparate bioiogica! and medical discipline 
such as anatomy, pathology, genetics, radiology, embryology, Pediatrics 
gynecology, zoology, dentistry, preventive medicine, epidemiology, psychology 
plastic surgery, pharmacology, nutrition, cardiclogy, endocrinology, and bio 
chemistry. Workers in each discipline seek answers to their own questions, ¢ 
course, but each wil! surely discover that «ach can be learned from the researc! 
carried out in cther disciplines. 

Studies in experimental mammalian teratology have become very numerow, 
(Kalter and Warkany, 1959), and the number of known teratogens is relative!y 
large. It is Ukely, despite contrary opinion, that each teratogen or class o 
teratcgens kas characteristic repercussions ou embryonic transformation and 
growth; hence the continuing search for new teratogens is a legitimate one, 
aiming at discovering means of interfering with the development of specific 
organs of systems of the embryo that hitherto have not been disturbed ten- 
togenica'ly, and studying the resulting disturbances to learn about modes of 
norms! and of “spontaneous” zbnorma! development. 

There exists a wealth of studies on gene-induced dental anomalies, especially 
those in mice (Griincberg, 1952); however, few experimental studics have bees 
mace of prenatal euvironmenial influences on teeth. These were recency 
summarized (Kalter and Warkany, 1959e; Kreshover, 1959). Cleft palate and 
clef: lip, however, are rather common effects of teratogenic procedures, ard 
these induced malformations have been studied intensively from varicts points 
of view (Warkany of c!., 1943; Kalter, 1954 and 1957; Nelson ef al., 1933. 
Water and Fraser, 1957; Fraser ef al., 1937). 

The teratogenic method employed in the study to be discussed is materm! 
overdosage with vitamin A. This method was discovered by Cohlaa (19! 
aad 1954), and its cHectiveness has since becn confirmed several tries (fer 
examp'e, Giroud and Martinet, 1955; Deuschle ef o!., 1939). In our Jc! orator 
this technique has recently been applied to inbred strvins of mice snd Las beet 
found to produce in them severe congenital malformation of many parts ¢ 
the body (Kalter, 1959; Kalter and Warkany, 19598). 

Among these malformations was a syndrome of anomalies of the face af 
mouth that is of especial interest because it contains features not pr-vious® 
Cescrided in the literature dealing with teratogenic studies, 1 


Materials aud Methods 


Young adult iemale mice of the A/Jax, DBA/1Jax, and C3H/Jax inde 
strains were placed with males of their own strains, one pair to a cz ge, 3 
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: 33.6 per cent). Accompanying microstomia and seeming to para‘le! it ia 


Kalter: Teratogenic Effects of Hypervitaminosis A 4. 


etverved each morning thereafter for 3 copulation The presence of : 
plug was taken to indicate thet 35 day hed pensed chice 
impregnated 


administered. The animals were fed Purina bab Chow 


Results 


{ 
To the time of writing s... stral= differences in type or frequency of induced ' 
congenital malformations ha. :.«:s detected; therclore the treated femaies and | 
their offspring will be discuss-d «.; ihout distinction as to strain. 

the vitamin on embryonic d-. 2! tent were widespread (Kalter, 1939: Su; 
oad Warkany, 19593). This report, however. i 


of the face and mouth, which were most Severe and varied after erimen: at 
8'3 and 913 days after conception, 


s produced 55 young ar had | 
males were treated at 9's dzys : 
in 1 female only was the entire litter (8 conceptises) re. j 
sorbed. The other 17 females had 97 young and 34 resorbed implantation sites, | 

(a external examination the 132 young possessed the follow: gtaital | 
®alformations of the face and mouth, exclusive of these of eyes and ears (the ' 
fumber in parentheses being the per cent showing the defect). : 


At or near the 
comers of the mouth there eccurred dermal tahs and hillocks of Voryiny {th 


and size (62.5 per cent). In many of the animais without such dermal 3, 4n¢- 
ages there occurred microstomia, that is, reductior. 
farsing from a moderate decrease to apperent ob!iteration of the ora! Ope:.ing 


= 
eM a 
In addition to this mandibular defect, there occurred Micrograthis, tizi is, 


tent). Shortening of the ‘upper jaw appeared in a few animals (11.2 Per cer). 
In this study median cleft mandible occurred rarely (2.0 per cent), best ir 
“Sbwenuent series it has appeared more frequently (see FIGURE 1 for ilustrations 
of alove-d'scussed anomalies). 


52 ine’ -three of the animals’ mouths could be opened aad the palzte eramincd; 


was, makes Were also treate: 31 7g, 10';, 115, ow 128¢ days after cancer sine fore sf ae oo 
Pemns . . ‘ 
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(all were A/Jax animals, a strain in which cleft lip with or without cleft pal 
Gccurs spontaneously in about 5 per cent of the young). Of the $3 with 
cleft tip, 16 were cleared for skeletal examination and 15 were found with ¢ 
palate; 3 were serially sectioned and all were seen to have cleft palate. The 
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EerRe 2. Frootal sections through the level of the incisors - (6) Contre) ex.’ 
; perimental animal, stowing minute eats iret 2! ithe! 5 a : 
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the recesses had been zippered up, leaving the abnormally thick oral epith 
projecting deeply into the tissue at the sides of the mouth (ricure 3) 
addition, the cral cavity was diminished by the presence of the unasce 
and abnormally shaped palatine shelves, which fused in complex and v 
ways with buccal surfaces of the mouth, leaving intricate and tangled 
pockets in the fused regions (ricures 4 and 5). Further back, the latera 
dorsolateral edges of the tongue became fused to gingival and palatine t 
again leaving oral outpouchings between the lateral edges of the tongu 
inner surfaces of the gums (Ficure 6). As these outpouchings rapidly be 
occluded, all that was left of the mouth was a narrow, horizontal, cre: 


Ficung 3. Frontal sections through the level of the internat nares. pone 
perimental animal, showing smal! mouth, a —. invaginated oral epi 
and short mandible, and v utrally enlarged rostral portion of mazills, 


shaped space, identifiable as the nasopharynx, between the dorsal surf 
the tongue and the busocranium (ricure 7). 

Various anomalies were found in the dental! structures themselve 
example, fused, supernumerary, absent, and ectopic teeth. Lower ir 
were generally normal except for occasional enlzrgement or slight inwarc 
tion. In an instance of fused upper incisors, it was found that the | 
borders of the “tooth” were so situated as to indicate that the incisors | 
were more or less normally located; however, it was as theugh on interc 
wedge of dental tissue had bsrome fused to them. The entire mass con 
therefore, of a block of tooth much larger than the bulk of two incisors 
A second incisive abnormality consisted cf unilateral or bilaterai sepernur 
"upper incisors. hapraiuinesty saucome “eqapnardneagrsoneamegvesighitimb a 
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processes were ¢ 
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the level of the internal nai 


the mandibular bod 


(ricure 10) and as was confirmed in sectioned n 
the mandibular ramus and its 
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tatetial | ystral portion of the maxilla was seen to be situated too far laterally and 
Ntirely enlarged and extended ventrally (ricure 3). This ventral enlarzeme 
a — creased rapidly, only slightly more posteriorly, extending ventrumevia 
ts, 


form a thick and solid ankylosis with the dorsolat 
body (Ficuge 4). The infraorbita! foramen was 
arc of nasal cartilage was displaced laterally, 
meatus projected far ventrolaterally instead 


=~. 


eral margin of the mandi 
very sm2!!. Theven 
and the base of the common 
of gently curving ventro: 


a ee 


TU e sent oo 38 
. ree . 


Cartilage vent 
Compare with same section of control 


i 
(cree 4). Further posteriorly, the zygomatic process of the moxii'a, w 
"as lurger normal, originated far tco ventrally from th 
ankylosis of maxilla and mandible (ricure 5). The crista fac 
"as absent, with the Consequence that, instead of arching gracefully out! 


the zygomatic process emerged and coursed straizht back, far too med. 
(ncune 6), 


€ area of ma: 
dalis of the m2’ 


R.. : 
| Por di Fronta! section of abnormal 


i 
al ing posteriorly, the mandible gradually diminished and Bearly di 
Se seme estntil only isolated osseous remnants around and clove teak 
ple oo With the almost total disappearance of ihe mandisls, Mec: 


cain oe 8 


Be wins - . - - pope | 
Ficunz 9. Froatal section of abnormal animal showing such effects as absent, ec 
abnorma! molars. pare with same section of contro! in ricURE 66, 
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showing fusion bezween, 


Ficunz 11. lores howliael abnormal —. se Reteroi 
anilage in sygomatic tore that at comers of mouth. Note also bridge berawees 
“Ague and gum anomalies, ; 


¢ 


on the right and the dental 


the zygomatic bone became greatly thickened as it joined the zygomatic pro 

«{ the squamosal bune, investing and otherwise closely Associating with ma. 
*erotopic cartilage as it did this. 

. Defects of various other soit tissues wore alo noted, among them disorg=n 

“we and absence of sublingual and submaaillary muscles, absence of 2] 

4 the mascet-x muscle, absence of the parotid ducte and of the subling 

: And ducts, and unilateral absence of the submaxillary glards ym 


and mandible, but found that the latter was usually "due [O SNOrenIng Or v0 
corpus mandibulare, the ramus rarely being affected,” whereas Deuachle ef ef. 
°/1959), also using rats, found that “more proximal portions of the jaw” were 
affected. Furthermore, Giroud and Martinet (1958), using rabbits, reported 2 
“complex case of microstomia,” but apparently failed to affect the mouths of 
mice (Giroud and Martinet, 1959). Deuschle ef al. (1959), however, pro- 
duced a syndrome of dentofacial anomalies in rats greatly similar to the ore 
described in the present paper for mice. . 

The animals described in this paper possessed a pattern of anomalies that 
presents certain features not, often encountered in past teratogenic studies 
‘Most induced anomalies of the face have consisted of fissures between variow 
processes or decrease in size or absence of certain structures. In this study, on 
the other hand, were regularly found excesses of tissues, such as skin, bone, 
cartilege, and tooth. 

It is probable that certain facets of this syndrome of dentofacial malforma 
tions were more immediate effects of the treatment and that others were mor 
remote consequences of the earlier responses. To say which defects precedes 
and which followed, however, is not too easy in most cases, and a precise analys: 
must await pathogenetic investigations. It is not likely, however, that th 
dental defects were early results of the teratogenic agent; more probably thn 
were mediated through 2nd dependent upon anomalies induced in prectcse 
and influencing tissues, such as ectoderm and mesoderm and, later, bone. 

Studies such as this one, in fact, emphasize the interrelatedness and coordin 
tion of developmental events by showing how their deflection at crucial me 
ments can reroute subsequent pathways and have unforseeable and far-reachir: 
consequences. Such studies, therefore, can be valuable in the elucidation ¢ 
normal patterns of sequences of embryonic events.” 


, Summary - 
This paper describes and discusses the congenital malformations of t 
face and mouth in the offspring of inbred female mice given a large dose « 
vitamin A about halfway through pregnancy. 
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Forty-five offepring of pregnant DBA mice treated with a singlolarye dose of vitamin A 
were serially sectioned. Nearly all of the young had bilateral “typical” rotinal 
colobomr. with otherwise well-developed cyes. O10 of them, howover, had more 
severa aunormulitics, consisting of a microphthalmic left syo and an oxtensively 
malformed right one, in which oll of tho structures of the anterior segment wero 
missing. 14 was postulated that tho phakia and aconmpanying ocular anomalice 
were the consequences of total rotinal coloboma, i.c., an oxaxgeration of the defect 
that occurred commonly, and that secondary destruction of the lens was responsible 
for its absenoo, 


1. Introduction 


Experimental mammalian teratology ‘is concerned with the prenatal induction of 

congenital malformations in laboratory animals. The methods that have been used 

to produce structural deviations in embryos are numerous, and the types of abnor- 

" malities presJuced are many and diverse (Kalter end Warkany, 1953). These defects 
oficn closely resenble their human counterpnrta, 

Among the most effective teratogenic (i.e. malformstion-producing) means is 

[ety ener A. Single Jurge doses of vitamin A given to Pregnant mice during 
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early embryogenesis cause morphological anomalics of the face, mouth, heart, spinal 
cord, genitourinary system, rectum, skeleton, ete. (Kalter and Warkany, 1961). 
Recently, one offspring with an unusual malformation of an eye was found. 
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2. Methods ; ' 
Tho mother of this animal, a invuse of the DBA/IJ inbred strain, was given a single 


dose of 40,000.1U of vitamin A palmitate in sesame oil by oral intubation. The admini- 
- stration was made at about 8-1/3 days after fertilization, i.e. early during the organo- 
genetic period of embryonic development, at a time before the appearance of any optic 
structures. The pregnant female was killed about 2 days before expected delivery and the 
ofispring removed, fixed in Bouin's solution, aud scrially sectioned at 20 and stained 


with hematoxylin and cosin. ! 


3. Results and Discussion 


The female had only one full-grown offspring. As Plate 1 shows, the offepring’s 
left eye was microphthalinic, Its most distinctive features, aside from smaliness, were 
tho thick cornea and the absence of the anterior chamber and of the optic nerve 
(sce the control cye in Plate 2). Plate 3 shows a frontal section through the bruin at 


es = ee. 


*Thin investigation was aupported in part Ly « grant from the National Ansosiation for Retarded 
Children, New York, New York, and tn part by a PHS reawarch grant (RG-7107) from the National 
Institute of Arthritis and Metabolic Diwz28, UR. Public Mowlth Service, 
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Prare 1, Frontal section of head of Inte fetal ynavse, in orbital region, showing anime!’e left eye (L) 
to be microphthalmio and right eye (R) to have abnorinalitics described in text. (Approximately x 30) 
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optic ehiaam, showing no optic fibers on left 
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Peary 4. Abnormal right eye, filled with thick retina and showing no lons, iris, pup!l, cornoa, anterior 
chambcr, or ciliary body. This cye had an optic nerve. ii Satine x 70) 
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Prare 7. Looecly filled xac projecting outward from aphakio cye, possibly representing or containing 
remnants of extruded Jona, (Approximately x 85). ‘ 
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TRRATOGENICALLY INDUCED CONGENITAL APHAKIA 2209 £75 


the optic chiasm. No optic fibers are Present on the left side. ::icrophthalmia and 
absence of the optic nerve have been encountered repeatedly in experimental mam- 
malian teratogencsis (Kelter and Warkany, 1959). Le 

The right eye, however, presented a type of malformation that it is believed bas 
not been previously reported as induced in mammals, The cye was represented by a 
vesicular structure almost entirely composed of a thick retina and contained none 
of the structures of the anterior segment, ie., 


pupil and ciliary body (Plate 4). The retina she sed an extensive coloboma (Plate 5), 
and into the cleft, filling the cavity, there ran a thick hand of tissue that was continu: 
ons with the circumferential mesodermal layer (Plates 4 and 5). 

In 45 serially sectioned offspring from a grovp of females Given ar ex oss of 
vitamin A this was the only specimen with microphthalmia or aphakia. However, 
one other cye defect that occurred in almost every animal was retinal coloboma alone 
(Plate 6), which was of the sort called “typical” by Mann ( 1957), following as it docs 
the line of the normal fetal fissure. Hence it may be conjectured that in the present 
case there occurred an exaggeration of the retinal defect commonly found; that the 
extreme abnormalities noted were secondary consequences of this Severe form of 
retinal maldevclopment and overgrowth; and that the apbakia was probably the 
result of extrusion of the lens, remnants of which may be present in the loosely filled 
sac that projected outward from the eye (Pinte 7). 


This abrormality, Occurring in an eye of approximately normal size, may thus be 
an instance of secondary destruction of the lens and a part of the picturo of severe 
total retinal coloboma. As such, this lens defect is quite different in origin from the 
secondary aphakias cited by Mann (1957) and by Duke-Elder (1963) as occurring 
in human beings, sinc in those cascs the defect appcars to have been intrinsic to the 
lens, 
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BIOMETRIC ANALYSIS OF TUE EFFECT OF ORAL VITAMIN A ON 
HUMAN EPIDERMIS® 
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In a previous paper Hunter and Pinkus (1) three series combined with counts of atripped-off 
reported that the oral administretion of 150,000 horny (keratin) cells furnished inform 
units of vitamin A daily for one month decreased possible effects of vitamin 
epidermal keratin eel counts in all of ten healthy normal, “xtatie” condition, 
volunteers, The question of the biologic mech- B. Specimens taken after stripping, measured 
anixin that brought about this decrease is the the ability of the epidermis to restore the lost 
subject of the present paper. . keratin layer under the influence of vitamin A, 

Table 3 lists corrected cell counts of one 
Fe Fepresentutive case.t All other data have been | 
Tew healthy adults G male and 3 female) stmmarized in graphs in which the values of the 


ranging in age from 25 to 40 years volunteered for control specimen of Series I are wet at 16063. 
the study, The keratin layer was stripped off an This was done to eliminate considerable Varia-_ 
area approximately G X 3.25 em on the flexor 


sutface of one forcarm hy repeated application of “Hons s initial numbers of orte between ney ae 
Seateh Taped until a dry Flistening surface was Vals (Table 2). Recause of this’ great variability 
obtained. ‘The stripped-off material wan saved for of individual values, no statistical analysis wag 


counting horny celle as reported (1). Under local attempted. It. mey be mentioned that cell counts 
“ ayloenine anesthesia, 2 min punch biopsy Kpeci- 


; . done by one experienced observer are reproducible ' 
mens were removed from the stripped area 4, 48, sith ji oy Pilani ‘ 
72, al 6 hours Inter (Series 1), and a contre} Wit : 10% accuracy. arger deviations may be 
epecimen was taken from normal skin at lenat 2 considered significant, 


‘ 
om Cistant foavoid spillover of mitotic uetivation A. Effect of vitamin A on number of eyidermal 
(2). The subjecta then took one buccal doset ef cells, 


Viiamin A, 150,000 unite daily for 30 daya, A a ye : ae 

similar xrea was atripped on the other forearm nt hi 1 Sn ti ” ly ntage changes we the 
the end of thie period, and control and 24, 48, 72 Number of various classes of cells in the epidermis, 
and 96 hour biopsy specimens were taken (Serics As avas shown in the preceding paper, the 


2). A final strip and third series of specimens were number of stripped off horny cells (lig. 1) was 
done at the end of anot her month during which no 


dati: K hue 12) decreased in all 10 cases in Series 2 after one 

vitumin A was taken, ‘ P ke : : 
The epccimena were fixed immediately in month of vitamin A, reversed the frend 7m 

formol aleote:! and embedded in paraffin, Cells Series 3, taken one month after vilamin A had 


were counted in rerial sections cut at Sand counts been discontinued, in 7 casca and exceeded 
corrected according to Aherecrombie's formula ¢e 


‘ " J initial values in 4 subjects. It is seen in Fits 2 644: 
described by Pinkus (3). The number of reating that in contrast tI number of all nucleated =‘ 
and dividing nuclei wae determined for one square ‘ : ; 
nullimeter, The number of horny cells per aquare Clements, including basal cells, prickle cells, 
centimeter waa taken from published data (1) and granular cells, and often a fow Parakeratotic 
divided hy 100, cells, was increased in 9 of the 10 cases in Series > >= 

eae ~~~ 2. The trend was reversed in 7 of these 9 subjects’ 

RESULTS in Series 3, but remained above initial yaluce in 

The experiment had two parts and two 6. The 10th subject (Case 6) showed a smaller 
purposes, ‘ number of nucleated cells in Series 2 and re- 
A. Control biopsy specimens of cach of the mined below the control value in Scrica 3, 
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* From the Department of Dermatology, Wayne There Wax no apparent explanation except that 
Rate University, College of Medicine, and the his initial cell count had heen unusuaiiy’ high 
Detroit Hecciving Hopital, Detroit, Michigan, and actually exceeded valucs found in some of the 

Supported in part hy grants from the U. $, i 


re 


Public Health Serviee through the National other subjects in Series 2. \ arn eee 
Tnstitutes of Health, §'- Be “By udding the figures for elriphed-off horny 
1Vi-Dome-A Oral Tabs wero supplied by. | ie 
Dome Chemicala Ine., NLY.C, {Complete data may he obtained from the 
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Corrected cell counts of Case $ per square ‘millimeter 


Prickle | All Tater: 


Chi 


Stripping ” Nuclet 


Initial, Series 3) Control 


One month, 
Series 2 


Two months, 
Series 3 


24 lire 
48 hins 
72 here 
00 hrs 


Control: 


51,300 
24 dacs 33,6 
48 lirs 


72 hire 


06 hrs 


Control 
24 hires 
48 hrs 
72 hire 
29,100 


maitutic 
Nuclei 


49,300 
35,800 
46, 100 
70,800 
43,300 


75, 100 
47,700 
43,000 


All Pust- 
mitotic 
Noclel 


Para- 
ketatutic 
Nuclei 


ye ‘oe 
yal 
Nuclei 


5,100 
6,300 
13,600 
14,300 
9, 


47,9u0 |° 


61), G00 


5y,700 


52,4100 
43,800 
47,000 
42,300 


7,300 
14,000 
45,700 
40,000 
41,000) 


7,700 
(4), 200 
70,000 
61,700 
91,200 


67,000 “) 
(4, 400 71) 
8,500 | 2,17) 
97,900 444 
83,800 422 


eclls per square mm to the sums of all nucleated 
cells rounted in sections, an approximate value 
js obtnined for cll lls per square min of skin 
surfuce. Fig 3 chows that these values fluctuate 
less, are close to initial figures in 4 cases, defi- 
vitely higher in 4, afd lower only in, the 
exceptional case 6. ‘The generally higher counts 
in Series 2 are due to the fact that the number of 
prickle cells which account for the main muss of 
the epidermis is elevated in 9 cases (Fig. 6). Basal 
cells (Vig. 5) end pu-t-mitotic cells (granular plus 
parakeratotic cells, Fig. §) are more nuincrous in 
7 cases. Most cell counts show a tendency to re- 
turn closer to initial vz!).s at the end of the see- 
ond month (Serics 3), except the granular cells 
which ure widely scattered and inostly elevated. 

B. Effect of vitawin A on forced regencration 
ofter stripping. ; 

Stripping-off the keratin layer produces 8 
predictable mitotic burst in normal juiman 
cpidermis as shown by us (2, 3) and others (4). 
Highest mitotic counts usually are found 48-72 
hours after stripping and may reach 4-5% of 
jntermitotic (basal and prickle) cells. Cell 
division usually takes place in the basal is, er und 
the one immediately above (suprabas:l). Ju this 
series of experiments, peak mitotic counts of 
3%, or more were encountered initiaty in 8 
enses (Fig. 9). The remaining 2 showed peuks of 


TABLE 2 


Cell counte (per agudre min) in control specimens 
before vitamin A (Series 3) 


Case 
Num- 
ber 


Oerog2 won = 


Basal 
Celle® 


Prickle 
Celh® 


All Ne- 
clented 
Cells’ 


Kerstia 
Celts? 


= -\~-—-—_—_—_—- 


57,100 
49,900 
54,00 
61,600 
51,200 
67,400 
0, 700 
58,700 
row 
51,000 


17,200 
14,000 
13,0000 
13,300 
11,00 
11,200 
10,900 
10,00 
10,000 

8, (00 


* Counted in paraffin sections. 
¢ Counted in tupe strips. 


only J and 1.5%, and one of these, a 38 year old 
female subject, had even lower counts in Series 2 
and 3 without deviuting from the avernge in other 
respects, 

Peak mitotic counts were lower in Series 2 
in 7 subjects, higher in 3. ‘This trend reversed 
itself in Series 3 in 6 (3 up, 3 down) and was 
farther down in 4. Because of the possibility 
that the mitotic effort nay have been lower at 
any one vine, but more prolonged after vitamin 


‘ 


AoE ty erigene seer thes emer 


>.> 


GRE TR oN NY ee ne, Re 


gps Piel pmeenencen ge er Tat Ne LIN CY spenen anetn 


' 


A, the wr’ 
of cach»! 
the overt. 
7 mubojest 
values by 
Series 3 
counts 


From 
bavliviedes 
gorvol orally 


EFFECT OF ONAL VITAMIN A ON MUMAN EPIDERMIS 


0) KERATIN. 


PRICKLE 
5 CELLS 


N ~"NUCLE ATED: 
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a ceLLs | © 
MITOSES 


INTER-° PosT- 
MITOTICS MITOTICS 


counted in strips, nucleated cells in paraflin ecctiong, 
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A, the sum of all mitoses seen in the 5 specimens 
of cach series was obtained, This did not chango 
the overall result as evidenced hy the fact that 
7 subjects had lower total counts and 3 had higher 
valucs in Series 2. Mitotic peaks were lower in 
Series 3 than in Sories J in 7 subjects, total 
counts also lower in 7 subjects, 


DISCUSSION 


From the rather bewildering diversity of 
individual responses, three facts stind out as 
"probably having some nignificanco, ‘ 


1) After one month of a.dailydose .of 150,000 
units of vitamin A, the number of horny cells 
that. could be stripped fron a Siven arca was 
dcereased in all 10 xubjects, 


2) The number of nucleated ceils in a similar. 


Miners pe 
area was inercased in 9’ of the 10, 


3) The mitotic response to stripping was 
deerensed in 7, definitely higher in only 1 subject 
of the 10, te 

It must be emphasized in Giscuxsing theae 
resulta that wo aro not concerned with tlatjstical 
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. MITOTIC 
us. PEAKS - 


ee 
SERIES 
“Fra, 9. Penk mitotic counts expressed as por 


eent of intermitotic (busul plus prickle) cells in 
Series 1, 2 and 3, 


significance, but are content to point out trends, 
It seems then that there is no overall decrease of 
cells in the epidermis, rather a shift frum fully 
keratinized cells to less mature forms in the 
majority of cases. Basal cells, prickle cells, and 
granular cells have a tendency to increase in 
percentage under the influence of vitamin A, 
although this trend is not consistent. The duta 
sec to support the often voiced view that 
Vitumin A has an “antikeratinizing” effect. and 
suggest that this is achieved by cells remaining 
immature longer. Total cel counts temnined the 
same or were somewhat higher, Thus, there is no 
evidence that vitamin A in the doses and during 
the time of our experiment led to general 
epidermal atrophy, Visual exumination of 
representative control sections of the three 
series show that the epidermal cells look some- 
what larger and more succulent in Series 2 (Hig, 
10 A-C.) 

Another point that is obvious in sections of 
most 24 hour specimens of Series 2 ix the xuine- 
Whut lexs complete denudation of the surface, 
V in observation in at once disturbing and 
revealing. When epidermin is stripped with 
Scotch Tape” in our luboratury, there is un 
end point at which the denuded surface appears 
somewhat raldened and glistening, but dry. 
Experience bas shown us that from this point on, 
repeated applications produce very few additional 
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mannan 
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cells, that stripping cones to a natural end, Te 
most likely reason is that the more cobesive 
and sumoewhnt moister granular cells du ws 
adhere to. the pressure sensitive tape, Our 
experience in this-respect. differs from that of 
some other authors who have stated that they: 
can strip off living epidermis and Produce 9 
moist and even bleeding surface With the tape 
they have used. White we do hot question there 
resultx, we state that stripping with the onlinary 
brand of Scotch Tape* in our hunds leads te 
a rather sharp end point in Rross clinical observa 
tion, It seems, however, that Histologienlly this 
end point changes slightly under the influcney of 
vitamin A. It may Le that the youngest (lawest) 
horny cells ure more cohesive and perhaps mon 
moist, or it may be that in the firat 24 hours afer 
stripping, new keratin cells are auickly produced 
by the hypertrophic granular layer. The luver 
Possibility: is less likely as no definite deere 
and often an increase of granular cells was 
observed between the control and the 24 Iwur 
speciinens. . 

In any cuse, since the entire number of horny 
cells is not more than 15-2066 of the total 
number cf cpidermal cells in uny of our subjects, 
the few cells left on the skin surface in Seriex 2 
(und therefure not counted) du not materially 
influence our vonclusions concerning the number 
of cells, 


Tho next point for discussion is the restitution 


of the keratin layer after stripping and the 
mitotic effort that is responsible for it, Neither 
micrgscopie examination nor differential cull 
founts suggested any impair st of the ability 
of the epidermis to keratinice In the other 
hand, the mitotic effort seemed tobe somewhat 
less Vigorous uuder the’ influence Of vitumin A. 
This does not imply changes in. the horn’ 
turnover of the epidermal cells, This proces 
is Slow and our counts did hot reflect any changes. 
However, under tlie conditions Of forced regenera: 
tion after stripping, the inajority of subjecis 


exhibited lower mitotic peaks and lower total ; 


number of mitoses, 

It is known, expecially through the work of 
Bullough (8) that lifespan of keratinoeytes and 
mnitutic activity ure reciprocally connected. Not 


only does increased mitosis lend to faster exfoliu- ° 


tion (shorter lifespan), but factors heuding to 
decreased — exfoliation inhibit tnitusin, It is 
fempting to assume that the retarded maturation 


of keratinocytes that ix suggested by our figures ix 
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responsible for the decrease of regencrative 
activity. However, Pinkus showed in his first 
experiments (3) that the force of regeneration is 
directly proportional to the completeness of 
denudation. It is possible therefore that. the 
somewhat less complete stripping in Series 2 
is responsible for the lessened mitotic vigor, 
and that this is not due to a direct metabolic 
efect of vitamin A. 


eNom 


SUMMARY 


Duily administration of AA0,000 unite of 
Vitamin A for one month in the forin of buecal 
fableta to 10 ‘adult. volunteers produced the 
following effects on the epidermis: 

1) The number of horny cells that could be 


on 


ae “6 : ‘sy eho 


OTe ~~ 


rey ‘ : 

RX so 
Fia. 10. Control sections of scrics 3, 2 and 3 of Case 9, stained with Hf & 90 x. A: Tnitial stage 

before vitamin A. B; After one month of vitamin A. C: One month after dixcontinuing vitamin A. 


stripped off a ynit area by pressure-sensitive™ 
tape was decreased in all ten subjecta. 
2) The, number of nucleated cells per unit arca 
of xkin surface wax increased in nine subjects, 
3) Total number of cells (nucleated plus non- 
nucleated) was moderately inereaved_ in six 
nubjecta, . : : 
4) Mitotic effort after denudation by tape 
striping was somewhat. less Vigorous in seven 


- AYnjects and slightly clevated in three. I¢ sceme 


possible that the decrease is due to less complete 
atripping of vitamin A-influenced skin rather than 
to a direct metabolic effect. 

5) Vitainin A in the doses administered appears, 
to have # retarding effect_on the maturation, of | 


human keratinocytes, 
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The Rapid Detection of Teratogenic Activity* ; 


e 
-, 


The aced for a rapid and reliable test 
fur the teratogenicity of drugs, chemicals, 
aad cert.im metatotie procedures in mam- 
tualg has Lecune quite apparent. While it 

1 diticult to conecive of a test that will 
ecnen sil compounds for possible wrato- 
ernie setivicy in any mammal, this report 
will indeate that consistent teratogenic 
effects esate noted withir 24 hours fol- 


lowing the administration of known terato- 


gens to the pregnant golden hasaster. There 
is Lethe quantitative data on the effects of 
lerstogemie agents on the young marmma- 
fas embryo, and the frequcney and degree 
of matformations prior to the ia ufere 
death end resorption of the severcly mal- 
formed embryo. are not known. Studics 
oa the pr-omite, preimplantation blasto- 
evet of the rablat have revealed the sensi- 
tvity of this structure to various chemical 
agents,’ but these data do not give any 
inform-tion on the organogencsis af em 
teyern malformations. No claim is made 
(Lat the present stuly represents a unie 
“dl veto! answer to the need for a mammstian 
teratogenic eercening procedure; however, 
it doce represent a siunple, fast, Enel ceu- 
Tonvead wethod whieh bears further ine 
Wer gation, i 

Toe pollen hamster POererses & Tee 
tuarkalty rhort gestation period of 16 
daye, teprodures ia a manner making it 
Peestble to obtain timed matings easily 
aw! accurately, and has large litters, thus 
awting in the imerpntation of the em- 
bryonic responses to teratogens. In addi. 
thon, the gulten haan-ter hae responded to 8 
keown group of chemical teratugens euch 
Ss: trypan blue, colchieine* Viablastine,® 
Vinenstine,® ‘vitamin A,® ,3- deoxy 
uridine salifViamiles,* 29 well as to 
ee a 
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teratogenic viruses (H-1),* and certain 


For those experimental teratogenic pro- 
eedures used by the ‘preent author, the 
eight’ day of gestation ia the hamster 
was found to be eptimal for induetion of 
teratogenic effects, The telcseoping of the 
eritieal periods ef embryogenee's necesei- 
tated by the short gratation period makes 
it poorible to examine yrossly the develop- 
ing embryos on the ninth day of gests- 
tion, 24 hours after cdiministration of a 
teratogenic insult. ; 


MATERIALS AND METHOOS 


Young virgin female hamsters (Cricetus 
@uratus) were caged individually. and 
muintsined on Purina Liboratery chow. 
During the early evening hours individual 
females were placed into the cage of a 
breeder male and observed for a few ~ 
minutes. If in estrus, the female assumed 
a characteristic lurdotie stance, remained 
stationary, and accepted the male. Hf not 
in crtrus, the fernale wou'd re-ist the male 
aml continually investigate the new en. 
Virvament. When breeding oceurred, the 
female was left with the male overnight 
end removed, early the next morning. 10 
her individual cage. The night when the 
pair were placed together is considered to | 
be “day O” of pregnancy and the day of 
separation is consitered to be “day 1” of 
Pregnancy. The brad females were main- 
tuine! on laboratory chow until uscd. 

On the eighth day of gestation the fe- 
males were weighed and anesthetized with ’ 
intraperitoneal Nembutal (6$ ing. per 
100 gm.}. Maternal weights ranged {rom { 
about 100 to 125 gu. Various known tera- H 
togenie compounds were injected directly 
into the Unzua! veia and the animals re- 
turmhed to their eages. Contrul arimals 
were injected intravenously with 1.5 mi. of 
normal saline. Vitamin A was administered 
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is the present investig-tion: (1) cvatrols, 
153 ml. ef normal iatravenow-ly; 
(2) 4 per kg. 


ine, 400 mg. 
iatravenovsly; (3) corchicine, 
ke. intravenously; (4) trypan blue (sce 
Table 1); (5) vitamin A, 20,000 unite by 


- gavage. 
7 The animals were sacrificed 24 hours 
y : later with ether, and the uterus, contain. 


ing the geetation sacs, delivered into a 
Petri dish containing physiologic saline. 
Each gestation sac was then opened with 
fine dissecting instruments, and the yolk 
ese placenta and amnion di-sceted away 
from the embryos. The embryos were de- 
livered into another dich with saline by 
teans of a g!ass pipette. Obscrvations were 
_, Mtde on all en:bryos and Ue Prescnce of 
+ eardiae activity was noted. The embryos 
“were then placed into aleohol-formatin- 
act tie acid fixative prior to photography, 


RESULTS | 

With eare and patience it is possible to 
recover over 90 per cent of the embryos of 
each litter even though the average cruwn- 
rump (C-R) length of contro! embryos re 
covered on the ninth day of gestation is 
aLout 3.5 mm. Approximately 80 per cent 
of the embryos recovered in this study 
showed evidener of cantine aetivity which 
Persisted for roe 10 to 13 minutes after 
removal from the gestation sse at room 
temperature. Remarkably few of the grsta- 
tion sacs were completely empty and it 
Was almost always possible to identify the 
embryonie tissue. 

Tu this study, only external m>!forma- 
tions were sought. There included cranio- 
echisis (Figs. 1, 3, and 5), spina bifida 
(Fig. 4), ectopic heart, microcephaly (Fig. 
4), severe growth retardation, and abnor- 
mal facial devclomment - 

Tahle 1 summarizes the reeults obtained 
from the control and experimental ‘groups, 
: Witheut attempting te fist all the mal- 
formations noted in each group, it was 
oted that, in gencral, the colchicine group 
had the most severe malformations, tepre- 
sented by marked distortion of the anterior 
Rearal tube and head (Fig. 2). Recovered 
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° Tew animals, ©5 mil. uf 0.1 per evant, intra 
peritumrally ; bout animals, 05 mal. of 01 prt cout, 
subextaneumusly; three animale, OS wt «of - 
Pre cent, intravenously. - 


embryos were Boticeably smaller ie the 
tolchicine-treated ~-aup than in the Other , 
Crue. Adwinistration of trypan be - +. 
somuionly induced excnecphaly and a 
bifida; the route of a:lmini-tration oe 

1) had no apparent effect on the ine 

or type of abnormalities: fouml Vite=. 
A-intueed anomatics were Sterally porn 
fined! to the heal amt! cunsistad of af os 

and Pared neural tube iu this hewn (FL ©, 

5}. One entire litter of 13 einbryo: frem + *- 
mother treated with Vitanis Aahibited t 
same defect. Animals treated with Sbeom | - 
deusyuritine ehowed the greatest Sariery ° 
cranial alnormalities (Fig. 3), Taming icc 
microcephaly to a marked dilution of th . 
region porsinly representing an early hydn 

igus, . 

An tnusual malformation was ivund to , 
one of the litters whore wuther neervel ) 7 
vitamia A. Twins, conjoined lvergty a. b. 
theracie level itherscupo gus), were re- 

moved from ene gestation sac iFig. 4 . | 
These twink Were equa! in sise ant lee’, 
showed the same degree of erzniwchis« : 

No similar examples ef this malornutivg : 

have been noted im tis laboratory ia! 
several hundred hamster pregnancies stud- 

ied. . 
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DISCUSSION 


striking during the eighth day of got ne. :. 
ation eaes epena! early (8 am.) ap * “~-> 
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the eighth day revealed an embryonic dise 
stage (1 to 2 somites) with en over-all 
trasurement of approximately 15 mm. by 
18 mm. The first cardiac activity is noted 
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Foc. 1. Normal 9 day~oll cubeye removed from a coatrul mother. C-R length, 38 


Fic. 2. Eenbryo, © cays old, from maviher reveiving 16 mg. jot kg. of colebicine imirave- 
ously on the euclth day of gestation. Note markevly enlarged eed dilated cranul end of 
embryo. -cesumably reprem ating an catty hydrorephalus, X14 

Fon 3 Hawirr entiryo, 9 days okt Mothee received $00 mg. per kg. of S-bromodcory- 
undue on day &. Merked craton uns aad ecrly excorephaly. Tat has bres inadvertenuy 


Fre. 4 Exubryo, @ days obd, from mother recciviog 0.3 wl. of 6S per ceat trypan blue 
jatrarccemly M hewn peeviouly. Note moderate exencephaty and double ones bafida, 
(ervece;. Camise sitivity sored al time of recovery. X20. 
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Foe. 3. Litter mates “moved on the ninth diy of geetation follwing maternal fechag 
of 20000 units of citan-4 A 24 boure previously. Embryo at opps le! » goely eral 
Others show varying darres of mallorwatwes X10. 


closed neural tube, viceral arehes, optic 
and otic placodes, and beginning formation 
of Jimb buds. Thus the critical stage of 
embryonic response to teratogenic infle- 
enece in this animal will fall within a very 
eloscly defined period. A comparable period 
of human development would extend from 
about the 2ist to the 30th day of gestation. 

Relatively little infomnation is avail- 
able om the incidence of congenital mal- 
fonnations in carly mamnatian develop- 
ment. In most experimental etudies, & 
period of 1 to 2 wevks exists between the 
time of administration of a teratogenic 
inswit and the recovery and study of the 
curviving fetuses. Mall,’ % in a compre- 
hensive etuty of spontaneous human abor- 
tuses, coneluded that about 50 per cent of 
ahortuses recovered curing the fint 2 
months of pregnancy were abnormal, and 
that two-thirds’ of there were firet month 
specimens, Recently, the high. ineidecee of 
chromosomal abnormalities*® found in 
early husnss abortuses adds further evi- 
dence to the fact that s surprisingly high 
number of earty human embryonic epeci- 
mens are al 


In the evaluation of the potency of any ; - 
single teratogenic stinmulus, three main {se * 
tore nev to he consicetest. The first of these 
is the intensity with which one loons fo ~~ 
maifonuations. In the prevent uly it bb 
highly prolabl: that histologe stuly of i 
the grossly normal appearing eulwyos by : 
vcrial action woul have revealed further 
evidence of malformations in men.’ 
organ systems. Furthermore, ia the c-turat | 
history of the cevrlopment of rocg nits’; 
malfurnnations, it is apparent that errtain 
malformations are ectotdary to sore pcl-" 
mary defeet and woul! sot have bad tine’ 
to maklevclop at this early rtage. The ob, 
vious examples of this situation are tle 
rib defeets counconly seen in coichicine® 

and vitamin A -trvated hamsters which 

are examined much Later in gr tation after °- _ 
formation of the tony vkrletoa, Tee pri- 

mary defset here ir proiably relatat to ) 

groeely undetectable but bite; cthelgie + 

changes ia the embryunie somite. Both 

of these firet two fartory, thea, woul.l tem 

te lower the estimate of the actual ei ctive- 

ncss of the teratogrns weed in this stoty. 2. 

This also emphariare the fact that thi+ 
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Fee 6. Conjoined isine of 6 days gestational 
age from mother pereiving vitamin A 2 hears 
previously. Exch twia hes aa open anterua neural 


Pregnant hamsters were treated with 
various knows teratogens on the eighth 
day of gestation. The embryos wer recov- 
ered 24 hours later by curefal dissection, 
‘exagpined, and 


_ Intravenous injection of the pregnant 


mother with colchicine, 5-bromeJeuzyuri- 
Gine, and trypon blue, as well as the oral 
. ao ieliased hens if 


was treated with vitamin A. 

Since many of the more severely mal- 
formed embryos would prerumably die ta 
utcro, undergo resorption, and thus be ex- 
cluded from statirtiral teratogenic data, it 
is suggested that this method would rot 
only be a rapid method for the evalustion 
of the teratogenic potential of particular 
agents, but it would also give rome (rue 
‘indication of the degree and range of mal- 
formations resulting fram a teratogenit 
insult. 
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A TERATOGENIC effect of hypervitamino- 
&8-A upon the rat embryo was reported by 
Cohlan in 19534 Giroud and Martinet (1955- 
$9** extended the study. Woollam and Millen 
(1937 61) 897 and Millen (1962)"* also 
rried out similar experiments in the rat. Using 
rolents, Deuschle, Ceiger and Warkany 
(1959) ,* and Kakter (1966)"' have described the 
occurrence of visceral changes. In Japan, Baba 
an! his collaborators (1958-190)'29™ and 
Takehoshi (1961)? studied the effect of hy- 
Pervitaminos's-A upon the fetus of the rat and 
meuure. Authors of the present poper carried 
Out experiments in the nwuse using hyper- 
Vitaninosis-A of the mother during pregnancy. 
As a result, there were many fetal inalforma- 
tens of the some type previsusly described in 
the hterature, Aiwug such malformed fetuses 
were rrany ~howing a certain cvarbinatiun of de- 
fects called the eculalentofacia! pattem by 
Deusch'e ct al, as well as apparent micromelias. 
' ‘This puper stresses these unique patterns due to 
hypervitaminosis-A. 


Methods 
Animals used in Uie-e experiments were of the 
SUN and CF, strains of mice, originally sup- 
pled Ly the Zikker-ubutsu Chuo Kerkyujo, 
Te yo (Central Laboratories for Experimental 
Arcmals;, 90 days or older, and weighing an 
sverane vf 31 gm. In each ase, one estrous fe- 
SS for pecan Ang 3H 1968; eet 
t 
Frum the Rasch Institute of Envirocmencal Mes 
igine, Nagoya University. 
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male was kept overnight in a cage with one 
male. The next swrning, all the females having 
a vaginal plug were consilered to be in the first 
day of pregnancy. The pregnant mice were 
divided into six groups, ie, group AS corre- 
sponding to the 8th day of pregnancy, group B9 
to the Rh, group C 10 to the 10th, group D 11 
to the Hith, group E 12 to the 12th, and group 
F 13 to the Idth day. Each group cuntained 20 
animals. The cuntrol group had ten animals. 

Each test animal was given a single, intra- 
peritoneal injection of 15,000 internatmmal 
units (1U) vitantin A water miscible solution. 
Experiments employing the JdN strain of mice 
were dune 33 a piict study; results will be pub- 
lished elsewhere (Kameyama and Murakami, 
1964).4 : 

Fetuses were removed surgically frum mother 
animals on the 1%h day of pregnancy and ex- 
amined under a uw power microscope fur gross 
malformations. All fetuses were reexamined 
under the same binocular after tcing processed 
by the Dawsun metho! of clearing tissues with 
one percent potassium hycroxyve solution and 
Staining bones with alizarin red £ solution. 

Besides the above groups of animals, the 
fetuses of scsne shice treated un the Mh day of 
pregnancy were examined for changes in 
craniofacial ratterns on the 1S$th and IGth days 
of pregnancy im sections stained with hema- 
toxylin and eusin. 


Results 


As shown im Table 1, ia exch group ad- 
ministered vitamin A the mean litter size was 
smaller than in the controls. Group A 8 showed 
the most effect and embryonic and fetal deaths 
including resorpticns and placental remnants 
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totalled 176 or 92% uf all conceptuses. The 15 
fetuses which were alive had gross, malfonma- 
tions. In group B 9, the incidence uf embryonic 
am! fetal deaths was only 162, but all living 
fetuses were malformed. In group C 10, the 
frequency of embryonic and fetal deaths reached 
nearly 302, and 92S of living fetuses were 
malformed. In the three remaining groups 
which were treated on or after the 11th day of 
Pregnancy intrauterine mortality rates approxi- 
mated control levels Lut the frequency of gross 
nalforinations remained at high levels of 89%, 
_ 81%, and 21% respectively. 

Among gross malformations, twe cases each 
of exencephatia were found in group A 8 and 
B 9—the frequency was 13.33% in group A 8 
and 1.33% in group D9. There were two cases 
ur 13.33% of spina bifida aperta (Fig 7-1) ia 
group A 8, but the defect was als setected in 
groups C 10 and D 11, althwugh the inculence 
was very low (Table 2). Many micrucephalic 
fetuses were secn in group B 9. However, the 
defect was not simple micrucephalia, but was 
usually ass <iated with other malformations as 
described later (Fig ! and 7B). Maliormations 
of the eye for the greater port were exophthal- 
Moses manifesta! iolkuwung treatnient on the 
eighth or ninth day of pregnancy (Fig 2 and 
7B). In alenost all cases the eyelid was open. 
Cases of micro- or anophthalmoses were few 
(Table 2). Matforurations of the jaw and mouth 
were n.anifested in {e-ases treated on the eighth 
and ninth day of pregnancy. Micregnathia, 

_— and microstomis were usually asso- 
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Gated with microti, Anotia, and abnonzalities 
of the auricle such as absence, bbulations, or 
dislocation were also associated with the an 
malformations (Fig 3 and 7£). Fetuses anth 
such complicated malformations usually mani- ° 
fested microcephalia and exuphthalows «ith 
open eye. Such malformations were Unijce to” 
experiments with hypervitaminwsis-A_ The in- 
cidence of cleft palste was highest (of the onler 

of 70¢¢) in middle pregnancy; the inciden= 
was recuced somewhat in groups B 9 and F 1. 
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wstes of malformations of 
Oregrancy on which viramia A was 


"(about 185) but was still lOtimes greater than 
: among controls (Table 2, 
in group B 9, all fetuses 
for cleft palate because 


was to be observed 
Fig 4). However, 
could not be exami: 
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graduntty reduced as 
. the embryo grew olier (Table 2, Fig 5). There 
z were many fetuses wich noticable ma! formations 
- Of the extremities, The w:. st prominent ¢efects 
| Pre micromelia ans ectradactyly (Table 2 Fig 
6, 7C, and 7F). Both malformations were Je- 
: chiefly in growps C and D treated un the 
* 10th of Ith day of Prepunmy, respectively, The 
incidence was highest in group D. The incutenee 


: wbile in group E 12 the incidence in the hia! 
fim was higher than in the forelimb, Also im 

group E i2 the frequency of ectrodactylisen was 

much higher in the hi i 

Timb. The devclopenental sae al which the fre- 

quency of syndacty isin was the highest was one 


Craniofacial patierns such as icrucepalia, hy- 
Peagnathia, micro. of aston:ia, micro- or anotis 
etc in groups A 8, B 9, and C 10. Each crania! 
bone, especially the frontal bone, was reduced ia 
size and adnonmally Shapal. Asa result, the 


Bead was formed small and abnormally shaped 
The most marked chanze w in ty 


completely formed. These Telimestary mag. 
idles were usually involved in an anky loss, of 
fused with the maxit or premaxila (Fig 7D) 
The nasal ard i 
and the sacut was short, Ossification ci the 
tympanic buila was usually absent, In histologic 
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Ta these experiments with hy 
A, the pheneunenua catia! head-to-tail gradient 
shiit of natfurnations in the vertebrae as dem- 
onstrated in previeus experiments with hynoxia 
(Murakami and Kameyama, 1963)"* or x-radia- 
tion (Murakami and Kameyama, 1964)" did 
not occur, In the group treated on the tenth day, 
mal formations of lumbar vertebrae were marked, 
and seen in association with malformations of 
the tail. In the group treated op the Ith day, 
malformations were seen chiefly ‘in upper 
cervical vertebrae. In the group treated on the 
12h day, involvement of vertebrae apparently 
increasc.! in [requendy. Ribs are often involved 


«oe 


involvement was also a characteristic in the pres- 
ent experiments (Fig 7). 


“volved in malformation and presented micro- 
melia. The defects in the long bone ranged 
from slight curvatures to complete deficiency 
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in malformations of developing buds, and such , 


In the extremities, the long bones were ia- + 


often associated with ectrodactylism. Cases in - 
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which the long bone was foreshoriered were 
associated with thickening and curvature. In 
those with extensiv: involvement, the radius and 
the tibia were deformed in a corneous mass 


: (Fig 7F). 


Amung fetuses examined in histologic sec- 
tions, there was a case with a rosette formation 
in the brain. [1 was formed in the mesen- 
cephalon from its superficial part to its surface 
in the fonn of a small tumor. The eye itself 
in exuphthaiimos was also abnormal and its 
longitudinal axis extended. This resulted in is.- 
fo'ding of the posterior part of the retina. In 
fetuses with micrugnathia, agnathia, micre- 
stomia, or amostomia, the palate was inccrn- 
pretely formed. In some, only a rudiment of the 
lateral palatine process was observable. In such 
instances, the tongue was a‘so very sma‘. 


Commest i y 
In these experiments, the teratogenic eflec’s 
following injection of mice with virmia A cn 
the 8th to 13th days of prignancy were more in- 
———— oe ee 
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group A treated on the eighth day of pregnancy, 
the incidence of embryonic deaths was 92%, and 
all surviving fetuses presented malformations. 
In the GIN strain of mice which were used in a 
pilot test, all embryos died following treatment 
on the eighth day. The incidence of malforma- 
tions was reduced, but only gradually, in mice 
treated at later stages of pregnancy, and over 
21% malformed fetuses were still observable in 


* group F treated on the Ich day. The effects of 


the agent were extensive, therefore, fur at least 
five or six days. * 

Exencephafia in rats was not a frequent mani- 
festation after administration of vitamin A 
as shown in pai by Giroud and Martinet 
(1956)," Woollam aad Millen (1957),% and 
Araki (1958)." Spina bifida aperta was rarely 
induced in mice when they were treated with an- 
other kind of agent. However, some cases of 
spins bifida were manifested im the present ex- 
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(Pes nenaeny gaits tae Send Woe tad acitacsKD ee was 
about the same as in exencephatia. This cirree- 
stance is similar to the sevults'ef Kaher ami 
Warkany (1961)."* : 

There were sume characteristic mutiunca- 
tions observe’. One example was the sranse 
faciat-panern microcephalia asscciuied wrth 
malformations of the jaw, mouth aml aurite. 
The principal features of the defect were as fol- 
tows; foreshortening of ihe frontal regiva and 
snout with incomplete furmation of the lower 


: jaw, and variously micrognatha, agatha, 


mictostomia, anostomia, anotia and adsenee, 
dislocation, of malformathm of the ausic’e. 
Such fetuses presented a strange appeararce. 
The internal ear was also abnormally forme!. 
A similarly induced abnormality af the interral 
ear of the rat has been stuliel by Nakomura 
(1938) im detail. To all appearances, thse 
fetuses with the above malformations o.uh! Le 
clissified as otocephalia and its aliied con!:tic as. © 
Treatment on the ninth day of zeoraten pre- 
duced the highest frequency of the de! ) 
BI7S%. The next highest frequemy £2. 


* *reatment on the eighth diy—SU%%. Alter tL: 


tenth day, the inckleme was markelly rx.tuced. 
Otocephalia has 3 cluse relationship w_ the 


\ ¢yclopia-arrhinenceghalia group of maliorna- 


tions in morphogenesis. When pregnant mice 
were exposed to x-radiation cn the mnch day 
of pregnancy, malformations belunging w the 
cyclopia-arth'nencephalia group, esject.ly ar- 
thinencephalias, were manifested in enass lerable 
numbers (Murahaei et al, 1952). Thea a 
comilence is seen in the pericadl critica! for 
arrhinencep-halis caused by x-raJiailon, and te 
above malformations vith their characteristic 
craniofacial pattern due to hypervitaminosis A. 
However, in the above fetuses with crann facial 
patterns, the auricle did not show a coincider tal 
location when compared with real uiocephaa ie 
animals or hucnan beings. Furthernmre, in ex- 
periments emp!aying the rabbit, the auricle was 
neither lost nor dis'ocated (Murakami, 196-1. 
Therefore, in the specic!y complicates! = 
ations with craniofacial ratrern there 1s ‘Ro 
definite evidence to classify them with 
otocephalia or its altied condiicas Deushle 
al (1959)* calied the conJitiva an anomaicus 
eculodentofacial pattern, and later Kater 
(1960) also analyzed the condition im detat. 
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fig 7. —A, abnormal fetus with exencephalis, anostomia, exophthalmos, spuma befits apcria, 
ard co Sesswes alter iatraperitumen! mpectzon ©f the mother with 15100 1U vaasen A un the 
exghth day of pregnancy. 

&. slawrnal fews with micracephalia, agnathia, snotia, exophthaimes, open eye, brachy- 
da.1,i007 aml short-tutelness alter untraperdonesi .ayccton ef the mother with 15.000 IU 
vitae A on the eighth day of pregecary * 

C. abrcena! fet. with micrurcha after similar treatment on the fith day of pregnaacy. 
Tins fetus aly had micrognathia aad cleft patue 

D, skeleton of an abnormal fetus with simvlse cranio-facial peace shown im B alter . 
Simele: ircatimmt on the nicth day of pregrancy. The shape of the cramal bone, 7 the 
fremeat, tery -ral, sad premaxiiiar bonzs are abaonral. A radceenta] mamdbbular bone is fused 
wath tee waailla ' 

E. sacic. = i an atawrmal fetus w:th malformed vericlase and ribs after spaiiar treat- 
wert ¢: Ve we th dey od gecgnancy. Rani of the pesier.or arch of the corvical vericlrae are 


waved om (ragmertations and the rib has buds. Boces forming the lerb-girdi: aad links are 
alvo evaived in deformity. 


a ol geogussaye Lang boner os lsh rumen ater similar treument on the 11th day . 
: . gl Eregeancy. Long bones extremity are involved in malformation : esufcation of the . 

humerus and formar is aboent. Bones of the forearm at lower leg are alse euliormed, Ee 
Ss , | Arch Exxiroa Health—Vol 6, Mey, 1%5 
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enophtholnocs resulted from disturbances in 
_ forwatina of the cranial bone such as deformity 
ia th: sygomatie arch.. This point is in agree- 


j ment with observations of the authors of the 
be produced in rabbit fetuses by hyper- 
*-, vitaminesis-A of the mother during pregnancy 


(Murakami, 1964).2* 

There were no cases of harelip, although the 
incidence of deft palate was high particularly in 
mice treated with vitamin A on the Ith day of 
pregnancy. However, in contrast to the results 


““with x-radiation, the manifestation of cleft 


palate did not present two phasic elevations of 
-incidence. Ciroud et al and Kalter et al suc- 
cecded in geting cleft palates by oral ad- 
ministration of vitamin A, wheras in 
-€xperiments 
of the agent done by Wollam et al (1957) ,2 
cleft palate was not detected. Takekoshi 
(1961)**9* produced cleft palate by intra- 
muscular injection, The high incidence of the 
Cefect secn by the authors of the present paper 
may be due to the amount of the agent used and 
the route of administration. 

Anal atresia was another of the characteristic 
malformations caused by hypervitaminosis-A. 
Kaher et al have also described this pattern of 
defect, although the critical stage seemed to be a 
day Inter. Such ditfcrences in the critical stage 
may be caused by diiferences in progression of 
development between the strains of mice ur by 
differences in the timing of treatment. Malfor- 
mations of the tail were manifested chicily in 
groups treated on the eighth, ninth, and tench 
days, anJ the earlier the time of administration 
the higher the frequency. Kalter et al!! also 
stated that mul formations uf the tail were mani- 
fested folowing treatment at 8)4 and 934 days 
of pregnancy, which corresponds roughly to the 
Hh and 10th day of pregnancy in the present 
experiment. 

Malformations of the extremities were {re- 
quently seen. Most of the defects were typical 
micromelias such as what are sometimes cal'ed 
Phocometias. These were seen especially in the 


> forelimbs of mice treated from the 10th to 1th 


Gay, and in the hindlimbs of mice treated on the 
llth day. Reduction in sumber of digits was 
" ASsociated with micromelia. The difference ia 


+ imeideace of malformations of the extremities 


employing subcutaneous injection ~ 


cases were found in experiments by the present 
authors. It is hard to compare results of ex- 
periments done by different investigators Le- 
Cause species and strains of animals used, ‘as 
well as amount of the agent and route of its 
administration, may be different. However, the 
kim! of malformations protuced have been 
similar. In the present experiment, many 
micromelias were produced. Long Lones of the 
extremities presented specific invulvernent and 
the degree of the micromelia was high, but no 
synostosis in bones of the forelimb as scen fol- 
lowing x-radiation was dcieciel. Also, ectro- 
dactylism was manifested in the forclimd of 
fetuses treated on the 10th and Ith dy, but 
it was manifested in the hinJinzb in groups of 
the 10h, 11th and 12th day. With x-radiasion, 
ectrodactylism was detecte! chiefly in the fore- 
limb in the group treated on the 12th day of 
Preguancy (Murakami et al, 1963)" While 
adininistration of hypervitaminusis-A caused 
exencephalias ard spina bifida aperta, hyper 
Vitaminosis-A during early stages of pregnancy 


7 Seemed to have destructive cficcts directly upon 


the primordial retina. Therefore, further de- 
velupment of the eye was nut disturbed as in 
experiments with x-radiaticas. Il) pervitamino- 
Sis-A exerts a serious effect unun furnuticn of 
bones cf the face Formation of the mout, 
mandible, and the temmpora! Lone, especially the 
zygomatic arch, were involved in the Jisturb- 
ance. Many cleft palates were also manifesced. 
Presumably, the agent affected the primordium 
of the palate, ie, the maxillary arch itself, thus 
disturbing farther des clopnent. This agent does 
not seem to interfere with formation of the tad 
after the primordium is formed. The fimb-Lad, 
and hand or foot plate, seem io be susceptivic to 
hypervitaminosis-A. Therefore, hypervitamina- 
sis-A exerts a suppressive effect chicfy cpos 
mesenchymal tissue just before its dideremia- 
tion into the primordium, or on mesenchymal 
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Usoue dusing differentiatiun. Also closure of 
- the acural tube su:czins an effect. 

tn the results of experiments done by foreiga 
investigators, ectodermal organs also seemed 10 
be nore susceptible than observed in the results 
of the present experiments. The cause may be 
explained when an investigator uses dikerent 
species of animals and also different ways of 
treating the animals, 7 

Ja our experiments, marked rises in the fre 
quency manifestation of specifte malformations 
«fangel over a period of two to three days, 
whereas, with x-radiation, such rises are usually 
limited to only one day. This point may be due 
to the fact that x-radiation affects embryos for 
relatively short times and only in the radio- 
sensitive stage of development. However, with 
hypervitaminosis-A, injected intraperitoneally, 
the teratogenic effect apparently undergues a 
gradual decrease witil a certain level is reached. 


Summary 


Pregnant (CF, strain) mice were divided into 
six groups from the Bth to 13th day of preg- 
nancy. Each group was administered a single 
dese of 15,000 IU vitamin A water miscible 
solution intraperituneally, and the fetuses were 
examined for gross malformations and skeletal 
shanges. Some fetuses were alw studied! in 
histolugic sections. 

Many characteristic malfurmaticns were 
rianifested according to the stage of pregrany 
at which the agent was administered. Ex- 
encephalias were detected in groups treated on 
the eighth or ninth day. Spina bifida aperta was 
found ivitowing treatinent on the Sth, 10th and 
Ith cays of pregnancy. Complicated maliorna- 
bons with craniviacial patterns such as 
ticrocephalia, reduction mulfurmatiuns of the 
jAw, mouth, amd! auricle in various degrees were 
Sern in groups treated on the eighth and ninth 
ays. In overall anpearance, these defects seem 
ts have some resetllance ta vtixephatias, but 
there was no evidence conclusive enough to 
class. fy thom as ocephatias. Many cleft palates 
were prolucrd by treatment on the 10th day; 
Rext ‘fi line were groups treated on the Mth and 
Ith days. In groups treated on the 10th and 
Mth day, mony fetuses with micromelia show- 
ing a typucal phucometia were detected. Tn many 
of those cases, ectredactylisms was an associated 
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.; lm hypervitaminosis-A, the time 
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condition, In the group treated em te L2th-day 
of pregnancy, n was demonsirated 
more dlten in the hindlimb, 4 


There were characteristic changes in’ the 


skeletal 
pe 
tremuties, . 


system. Those changes were marked in 


be a litle fonger thaa in experiments with 
x-radiation. This may be due to the nature of 
the agent and the continued effect it exerts until 
& certain level is reached, : 


craniofacial region, vertebrae, and ex-— 


range of the : 


Generally, in these’ experiments, involvenent 
of mesenchymal tissue was prominent. : 
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192 + Nutrition 

The carotenes and vitamin A 89 throug’ reparation stages Sor use in 
the body, In the human being the intestinal wall is the main site of con- 
version of carotene into vitamin A, with some also Occurring in the liver. 
An enzyme system, possibly carotenase, breaks down the hydrocarbon into 
Simpler molecules, forming first vitamin A ildchyde and then the free or 
alcohol form. Fats and bile salts must be present in orler for carotene to 
be absorbed. Man docs not seem to be able to convert carotene as efficiently 
as does the rat. 

Vitamin A is absorbed from the upper part of the intestinal tract. 
If vitamin A ester is ingested in an oily medium such as cod fiver oil, it has 
to be saponified before it can be absorbed. If the ester is finely cmulsified 
or isin an aqueous dispersion, saponification is not necessary. Bile salts are 
required for efficient absorption of vitamin A as well as carotene. The ester 
is hydrolyzed into the alcohol before passage through the intestinal wall.- 
In the cellular mucosa it is again esterified and appears in the lymph largely 
as vitamin A palmitate The blood stream then carries the vitamin to the 
liver where it may | ed in ester form. The liver can change the ester 
into vitamin A acid; sa this form it is not stored but is rapidly oxidized, 
However, the acid can not be changed back into the aldehyde or the alcohol. 
When needed by the body, the ester stored in the liver is hydroiyzed into 
vitamin A alcohol or acid which is carried then’ by the blood to the parts 
that need it. j 


The functions of vitamin A 


Vitamin A aldehyde performs Specific metabolic roles. The function that 
vitamin A plays in vision is comparatively well understood. In the retina of 
the eye are two kinds of light receptors. The cones in the center of the 
retina contain the Pigment iodopsin or visual violet and are associated 
with bright light or photopic vision. Rods as well as cones are in the re- 
mainder of the retina, the proportion of the rods increasing as the periphery 
is reuched. The photoreceptor substance in the rods is called rhodopsin or 
visual purple and is associated with -cotopic or dim fight vision. Brown and 
Wald have shown that I1-cis retinal is the specific aldehyde which com- 
bines with opsin in the human cye to form rhodopsin. The pigment breaks 
down in the presence of light and is rebuilt in the dark. Some vitamin A is 
used up in the reaction and, therefore, unless there is a sufficient supply in 
the dict or in the body, rod vision is impaired and night blindness results. 
By means of measurements it is possible to determine a person's light thresh- 
old and this in turn may be related to vitamin A metabolism. 

The aldehyde form of the vitamin also plays a role in reproductive 
processes. It has been found that neither sex of the rat reproduces normally 
unless vitamin A is contained in the diet, cither us the aldehyde or an “active 
form” of the vitamin derived from it. This is evidenced by cessation of 
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spermatogenesis in ihe male and by fetal resorption in the female rat. ‘The 
biochemical reaction involved here is not known. 

Optimal storage of vitamin A in the liver is important since normal 
development of fecal tissue miy be affected adversely by a prenatal dict low 
in the factor. en the food of pregnant rats was deficient in vitamin A, 
Warkany and co-workers found that the young at birth had congenital 
malformations; these defects occurred in both skeletal and soft tissues. 
Paris frequently affected included the tibia, mandible, ribs, eyes, and cardio- 
vatoulay system. It has also becn shown that the offspring of cows fed a diet 
iow in vitamin A developed cye abnormalities and paralysis. 

However, it is known that man has a comparatively short organo- 
genetic period, the time when most malformations are detcrinined. The 
first trimester of pregnancy in the hums being is considered the critical 
period .and lack of vitamin A during this tine may cause miscarriage. A 
specific relationship between dictary lack and congenital malformations in 
human beings has not been demonstrated and, according to Warkany, is 
difficult to prove. 

Vitamin A acid is essential in sevcral biochemical reactions. Since retinoic 
acid is rapidly mictabolized in the body and cannot be changed to the alde- 
hyde form, it will not prevent: the occurrence of night blindness and re- 
productive failure. However, us Dowling and Wald demonstrated in 1960, 
the acid form of the vitumin has potent vitamin A activity. 

_ Wolf and co-workers have shown that vitamin A acid can synthesize 
mucopolysaccharides; it js thought that the factor causes the release of a 
proteolytic enzyme from intraccllular particles called lysosomes, which are 
similar in size to mitochondria. This stimulates the secretion of mucus by 
the epithclia. Lining the tracts und organs of the body are cpithelial cells 
which serve to protect and keep healthy the various parts. Studies made 
on the eyes, certain glands, the respiratory and genitourinary tracts indicate 
that when vitamin A is lacking these cells are changed in form, becoming 
stratified and keratinized, and the cilia normally present in the tracts are lost. 

In the young of a specics the eyes may be the first part of the body to be 
affected by a Jack of vitamin A. Biomicroscopic examination will show ocu- 
lar lesions, a condition nown as xcrosis conjunctivae. This is the carly stage 
of a condition which is later recognized as xcrophthalmia (Figure 11-3). 

In older animals the lungs are frequently affected. A correlation be- 
tween the emount of vitamin A in the dict and the prevalence of tuberculosis 
has been noted in human beings. Sinus trouble and kidney and bladder 


disorders may also arise as a result of the abnormalities of the epithelium 


during avitaminosis A.* 


® The term “avituminosis” is used to indicate a condition or state caused by the lack of 
& vitamin. 
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SUMMARY “_ 


Liver initochondsia from hypo- or hypervitaminotic-A rats 
exhibited flow efiiciency for coupled cridative phosphoryla- 
tion. Supplementation in vitro or in vivo with retinyl ree- 


tate, but not v.ith retinole acid, restored Jow phosphorus to 


oxyrea s4ti0s to normal 

Uncoupling’ cf oxiditive phosphoryt.tion occurred whh 
nicotinamide edcsine diurclsotide-linked end non-NAD- 
linked srbstrates. 


Serum albumin eddcd to mitochondrial suspensions from | 


livers of vitamin A-deficient or toxic rts restored normal 
oxidative phosphorylation eficiencirs. Tri-o-eresy! phos- 
ghate enoced uncoupting which wre stot restored by the add!- 
tion of retinyl accinto. 

An inherent fistalility of liver mifochondsix from vitamin 
A-deficient and tozie rats is indicated becnuse their ene 
Sogenous oxidative plosphorzlation is lower than that of 
mitochondria fiom nomad aniunts, Te is sugcested thet 


vitamin A is required in mitechondilel membrrace ct an. 


optimusn concentration; varistiuns clu or ebove this con- 
Centration ¢nuce these membranes to become unstable. 


Devistion fiom optimum arsy faduce functional chengces fa 
enzymes associrted with oxidative phosphorylation. 4 
ee ee se ee eo i Ci ' 


The gross symptoms produced by dietary deficiency or eveess 
ef vitamin A have been known for years, but the bioghomieal 
origin of The general mon hologice! changes has not boun tineed 
to a pruticulur arca of intermedinry metabolisin, In previous 
reports (1, 2) we indicated that liver homogenstes from rats 
suffering froin distary deficiency or execs of vitamin A showed 
an increased initial (8020in) mvspiration rate, followed by # 
drastic respiratury decline when, succinate or a-ketonlutarate 
was (he sulstiate, This pattern was eswentially similar to the 
respiratory decliue noted by Corwin and Schwars (3) in livers 
from vitamin E-defeiew ratx Delnen ct al. (4) hind proviously 
shown g siguificont increase in in'tinl (s0-min) oxygen uptake 


© A yneliminary report on part of Uhr materind wae given at the 
4th Federntion of Americen Societies for Rapoimental Viclogy 
Convention at Athuitic City, New Jersey, April, 1955, 
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by liver homogenstes from vitainin A-deficient rats when any 
of several Virebs cycle acids was used ns enbstrate. Vignals 
(4) nated en inerease in nicutinemide adenine dinuclotile phos: 
phate cyto dnome ¢ reductase and a decrease in pyridine mucleo- 
tide transhydiozenase: activities of liver mitochondria from vila 
min A-defieigat rats. Me suggested that these changes might 
cause sespirstion to be uncoupled from phopLorylation and 
coukl accunnt for nuy vbarved clevation in basal metabolic 
tates. Dingle end Lacy (6) shoved that the molecular mpecificity 
for lysis of r.bbit ery Uhrocytes by compounds in the vitamin A 
scvics is simile to that for the prevaution of vilanin A defickeney. 
Thess authors hypothesized that the site of action of vituinin A 
is at the Lyuprotein meinhrane of cells and their organclies and 
thal the rule of the vitamin night Le fo contro! permeability, 
Dingle ef al. (7, §) reported that alterations in metabolian which 
occur bn the piccence of exeess vitamin A may be nseoclitead with 
the swellings action of the vitntain on mttechond:ia, Wolf ef ed, 
(9), on the bsis of a pretiminary experinent, coneluted (hat (herve 
was no change in oxidative phorphorylation eMficisncios duc to a 
vitamin A deficiency.’ 

The reports in the literature on the Invelvement of vitamin A 
in respiiatory xystems in general and oxidative phosphorylation 
in particular ase limited and incavelstent. As a reull, we 
undertook a study of phorphate esterification In respiring liver 
milochondria osocinte! with a deficiency or exeers of vitamin A. 
This paper reports information which Ueare on the posible role 
of vitrmin A in icspiratory sytoms in controlling, the permea- 
bility of mitochondrial incialrancs and thereby detennining 


oxidative phosphorylation eficieuetes, A comparison has been 


mnade of the effecis of retiny? acetute and retinule acid tn rire 
and in vitro on the maintenstwe and reitoration of maxinun 
P20 valucs in mitochondria, Some preliminary experiments 
are reported on the effect of bovine seruin allburmin on P20 ratios 
of liver anitochondria, The effect of tri-o-eresyl phosphate 
on the phephorylating mechapism was studicd boeawe of 
previous reports (2, 10) ow the ietion of this chemical in lowering 
liver vitamin A. 4 : 
EXVEUMENTAL PROCLNUNE 

Matcrivln- Nioctinamide edenine dinucleotide, Alp, ATP, 
and heaulinass (ype WJ) were purchased from Signa. -Tri-e- 
cresyl phos plete, retiuyt nectute, end retinoie ack! were bought 
fin DistNation Products. AN of our more commonly used 


» Chemicals were of renzent gindo and of the highest possible 
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Vitanin A and Osidatice Phasphorylation 


Tamir I 

Egret of ritumin A deficicney on asidation of oubstrate by liver 

miterlondria tn olserce of phoaphate eecepler syst 

The eaperimentel detoils are dexeribed iu the teat. The results 
are expressed no inicroliters of O; consumed per } hour poring af 
mitochondria vitragen, The valuew represent the average of 3 or 
more tals per group per sulestrate. 
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3 B-Nydroxybutyrnte. eieeee 


a-Ketoglutarate 


® Nate in this group were fed vitamin A at a concentration of 


5 mg per Kg of diet. 


purity. Male ‘weanling rats, purchased from Holtzman and 


weighing 45 to 0 g, were used in our studi, 


Alcthods--AN dicts fed have been reported ckewhere (2). 
The animals were houved individuslly in raised wire bottom 
ages at a constant room temperature of 23 4: 2% Wicts and 
fap water wer available ad Lititum, Weisht gain records were 
taken weekly until (he growth curve of the rats in the vitamin 
Adcficient group began to flatten. Some of the rts in this 


- Rroup were sacrificed at this staze and terined mildly deficient. 


Weight gains for rats not sacrificed at this time were recunted 
daily thereafter until the deficient groun began (o show murked 
Jossea in weight. These animale were sacrificed at this stage 


- and tonned cat.onaly deficit. 


When the rats in the group on the control dict reached a weight 
Of abvut 170 g, 15 of them were put ona high vitamin A repimen. 
They were given 17 mz (50,000 iu.) of refinyl neetate orally by 
calibrated cropper per day for § days and weighed daily. Rats 
thowing ne lors in weight or signs of morbidit y after two doses 
of vitamin A were sacrificed at ti¢ tine and terined mildly 
toxic. Rats in this high vitamin A group dosed for the complete 
6-day period consistently showed Jusses in weight. They were 
termed extremely toxic and sacrificed. 

Rat liver mitochondria were prepared from a 105% (w/v) 
hoinogenate in 2 medium of 0.25 a1 deionized sucrose containing 
0.002 a EDTA (Versene), according to the centrifugation incthod 
of Schneider (11). Versene was omitted from the final mito- 
chondria suspension. The twice-washed mitochondria were 
resuspended in a volume of 0.25 x deionized sucrose such that 
ach milliliter represented the mitochondria obtained from 1 g 
(wet weight) of tissuc, with on average nitrogen content, de- 
termined hy the micro-Kjeldaht technique, of 1.8 nz per nil. 
Vrior to the preparation of the mitochondria, all additions of 
substances tn ritro were made to the homogenates in a 1:2 
ethanol-propylene glycol mixture and rchomogenized for 30 sce. 

The system used fur the assay of oxidative phosphorylation 
contained (with individual variations as indicated in the legends) 
50 pmoles of phosphate buffer (pt 7.4), 40 pmicles of Tris, 4 
wmoles of MeCl,, 50 pmoles of thicose, 14 ymoles uf Na¥, 30 
aweoles of suletrate, 3 pmoles of ADP, 3 pinoles of NAD (when 
used), 3 moles of ATP, and 0.5 ing of hexokinase in a total 
volume of 3 inl, including 1 snl of mitochondria equivalent to 
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About EX rg of nitrogen suspendel in 0.25 31 dedenizeal suche, 
The system wire ieulsted at $¢° with aie as the gas Ilan for a 
period of 20 nin, following 9 Sain equilibaation peril, The 
center well contained 0.2 aul of 306, KOU stra hel on fbter 
paper. Following an equilibration period of 5 min in the Wae- 
bury, bath, the manometer wens ele cl, and the xere time flake 


* were removed for inorganic Phasphorus nudysis, All zene time 


and experimental flasks were run in duplicate or triplicate, AN + 


ning ineluled Marks for measuring the endogentue oxidative |) 


Phosphorylation arcouding te the method of Weinlach (12). 
The munber of micromoles of phosphorus esterified was ealewe 


dated as the difference in inorganic phosphorus between mero thne - 
i i 


and the corresponding sampler incubated for 20min. ‘The figure 
was corrected for any cadogenou oxidative Phosphorylation . 
and dephosphorytation of added ATP and ADP (13). Ine 
organic phosphorus was detenuined hy the method of Jawry amt © 
Vijicx (14). The caygen consumption for the ineulated flasks 


and the Py uptuke values were used to caleulate the #20 tution, .*j 


Nitrogen was determined on the orizinal mitochondria suspene 
sion, : 


determined on rats made vitunin A-defitient and sulecquently 
repleted with cither retiny) acetate or retinoic acid, at a eeucen- 
tiation of C8 pp (200 iu.) por day until they rescmed novnal 
growth, at which tine they were sacrificed. For comparison, 
in titro, these two compounds were added te the liver homogenate 
prior ta the preparation of the mitochondria, at a coucentration 
of 20 wp per mi. Additions of rerum afbiiain were made in 
eitro in a shnflar manner at n concentration of 0.5 mg per inl of 
homogenate. 


RIRULTS 


Vitamin A Defirieney—An impaired metalniic function was 
demonstrated in the mitochondrial fraction of the whole hamnoge 
enate from vitamin Aleficient rats (Vable']). In the alacnee 
of phosphate acceptor system (ADP, hexokinase, glicwe), 
succinate, Bhydrosybutyrate, and akeloglutaiute showed 
increased rates of oxidation of 74, 92, and 37, respectively, 
compared fo the controls. The upparent metabolic disturbance 
fs corrected by addition of retiny] avetate tn vivo (Fable 1). 

Since the data in Table 1 show that the metabolic lexton xeon 
in whole liver homogenates of vitamin A-doficient rats can be 
traced to a malfunction in the mitochondrial component, we 
began a detniled investigation of the oxidative phorphorylation 
efficiency of these mitochondria. Data in Table 1] sunmariae 
a typical experiment with respect to oxidative phosphorylation 
in the presence of three different substrates, With all three 
substrates, the mitochondria from miklly deficient rats showed 
a@ decreased eficieney in coupling phosphorylation to oxidation, 
compared to mitochondria from normally vitamin A-nuttured 
rats, : Ae 
Uiflect of Mypsrttaminosis A-—As previously reported (2) 
excess vitamin A (17 mg per day) given to young adult taste 
rats for 5 days enuzed a narked elevation in oxygen uptake by 
liver homogenates containing several added Krebs cyclo acids. . 
These results led us to investignte the effect of excess vitamin A , 


on tho ability of mitochondria from these raty to carry out .. 


coupled phosphorylation. A summary of these experiments is 
shown In Table 1. With ell substrates, pho:phorus uptake is 
ee a ee Rage el! pati . . ae 


The comparison in titre of the ability of retinyl acetate and 
_ Felinoie acid to sestore Jow 1°:0 ratios to musinval values was 
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? Tara: VI c 
: , Comperison of retiny! acetate and re linuie acid on PO retivg 
Resting! acetate ur retinvic acid was fed lo rats mildly dé ficicnt in vitamin A BECS pg (20 i.) per day until the rata resumed nere 
mnal growth for the studies in ciro, The additions were made in titra to a 10% (w/v) fiver homenzens.te from deficient ratn ata concen 
tration of 2045 por ml price to Pteprration of the mitochondria. Table MT contains senulte for comparivon of these valuce to cure 
parable po-itive nud negative (deficient) controls, i 
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' * Tanun Wt 2 
Fffcet of vitamin A deficiency and excess on oxtdative phosphorylation 


The experimental details are described in the text, The ¥:0 preparation of the initochondrin at a coneentention of 05 Dg per’ 
ratios are recorded as the mean zk the standard error. The degree int. The substrates, ruecinste, A-hy droxybutyrate, and a-keto- 
of deficiency or toxicity was determined as outlined in the (ext, clutarst:, wore ndded to the Worburg Vensel at a concentration of 
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Serum albumin was added to tho 10% (w/v) homogenate prior to 30 emotes in a totul voluine of 3 inl, . . 
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dcereased, resulting in a lowering of P:O ratios in mitochondria : Tame IV 
from the mildly toxic animals eomnared to the controls, * Kffect of tri-o-cresy? vhosphate on oxidative Phosphorylation ° 
Effect of Sevrrity of Vitanin A Ifeicncy or Toxicity-- Since ae with auccinote as substrate - i 
+ the defects observer! in the oxidative phosphorylation mechanisin Experimental eunditious ere described in the text. When fed, 
could be the result of a General debility of the rats in a state of = retinyl acetate was added at & tug per Ke of diet and tri-e-ereay) 
fevere deficiency or toxicity, we rn experiments with mildly phosphate at 0.1%. Means <t: standard errors of P:0 ratios sre 
deficient. and mildly toxic rate dlong with these euffcring from for & rats por croup. 
‘severe deficiency or toxicity. As secon from the data in Table 
TH, the loss in ability of the mitochondria from the mikily do- - 
‘ficient or toxie tats to carry out normal oxidative phos horyla- 
tion occurs quite carly, and the severity of the deficicncy or 
excess tends only to acccutuate this defect, The decreased 1:0 
ratios csusel by a mild toxicity occur with both non-NAD.-Jinked 
substrate (succinate) and NAD-linked substrates (a-ketogluta- pire ao + tri--cresy] 
rae, #-hydroxy butyrate) a Se eka 
Efcet of Hovine Scrum Albumin -Serum albamin has been Tri-o-ereayl phoophate....... 
shown to maintain and/or restore to normal otherwike impaired 
Oxidative phosphurylation cMiciencicrs (18, 16). Oxidative * Vitamin A-deGclent, - 
~ : ao 4 : ees 
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Vitamin A and Os idatin Phosphoryletion 


Pheephesylstion ratios in Tabhe HE ilustrate the eRectivenors 
of serum albumin in nstering kus P30 tation fo auxinune 
values, whether the adver-cly affected 2:0 ratios were due toa 
Vitamin A deficiency or toxicity, when 2 hydhonybityrate is the 
eulkdrate, 

Comparison of Ritiuy? Nectate and Ratinoie Neid- A eon 
live study of these two auletance: of the vitamin A serie in our 
Vitamin A-deficient xystem ix sunaniized in Table DI, Wt iy 
apparcot fiom the renults that retinoic acid is not effectiv ¢, cither 
fn rivo or in vitro, in preventing or restoring Jow 1:0 ratios. 
On the other hand, retinyl acetate is completely effective, 

Effect of Tri-o-trceyl Phosphate- - We can tee from the data of 


Table WW that tri-o-cresy] phosphate is u relatively cflective, 


uncoupler of uxidative phosphorylation when fed in the dict at 


0.346. When compared to the positive Getiny) acetate) and , 


negative nemsupplemented controls, tri-o-cresy}  phugate 
causes a Jowerngein both osypen and phosphorus uptale. ‘The 


effect of tri-o-cresy] phosphate in exusing low P30 ratins with’ 


succinate as sulstrate is wot rever-cd Ly the addition of retinyl 


DISCUSSION = * : 

Our results offer evidence that the capacity far maximum 
oxidative phosphorylation ix severely impaired in mitochondria 
from Vitamin A-deficient of toxic rats. ‘The fact that uncoupling 
occured with NAD-linked and non-NAD linked substrates, in 
both mild aud severe deficiency or tusicity, with littl: or no 
Giferences in ATPase activities of initeochondria from Acfhicient 
(6.96 4: 0.2) nud toxic (6.14 4: 0.8) rats on the onc hand and 
from controls (5.83 :t 0.9) on the other, suggested that the results 
obtained are due to a {rue uncouphal oxidative phosphorylation, 
hot an apnarent uncounting due te ATPase activity (expreeeed 


. 88 micromoles of P por ing of Ny per 20 min). The nature of 


the uncoupling effcet is consistent with’ a gencral membrane 
Cisturhance and agrees with our previous observations (2) and 


those of DeLuca ef al. (4) concerning the increased metnbolie 


rates in vitamin .\ deficiency and tonicity. 

Our findings are in contrast to those of Wolf ef al. (9), who 
concluded that the depression of oxidative phosphorylation in 
vitainin A deficiency was not Matistically significant. However, 
our studies were made on liver mitochondria and those of Wolf 
et al, were carried out on heart mitochondria. Tacy, Luscombe, 
and Dingle (8) have Hhown that high dosages of vitamin A are 
Iess effective in causing swelling in mitochondria fcom heart, 


_ &pleen, and brain than from liver and Kidney. There is evidence 


to support the fuct that vitamin A deficiency or toxicity Joade 
£0 mitochondrial swelling (17) a5 a result of changes in structure 
or function or both. Ny 
“ Several investigators have shown scrum albumin added fa 
. eitro to be effective in the restoration of oxidative phorsphuryla- 
tion (15, 16). They have attribute this to at least three differ. 
ent: effects: (a) the prevention of mitochondrial swelling, (b) 
removil of uncoupler through chelating action, and (c) an effect 
exerted by the five sulfydry! group of albumin protein. Albumin 
bas heen shown to be effective in retoring normal oxidative 
phosphorylation in both vitamin A dvfeicncy and toxicity; this 
coukl be duc tw any ur all of the three functions postulated for 
fhe’ allannin effect. Possibly trio-cresyl phosphate eaunce 
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Vocoupliog Ly interacting with the mitechondsia at some un- 
known site, ina mennes ehoilar te certain Unewupling plenals 


(1S). The syparent action of trie-ciusy) Vhesphate ix to lower, 


the P20 tatio in normal but pot in deficient rata, 

Retinoic acid supports growth as well ax tefinyl acetate. Ht 
hax hs shown to be eqnal to vitamin A (19) in reducing eer. 
Drospiat Maid pressure. On the other hand, retinoie acid dees 
hot maintain normal reproductive performance in male and 
fermnle tats (20), doc» nut maintain nownal cinbryonte develup- 
meat in the chick (21), and does not teplace retinel in the visual 
cycle (22). ‘The incMleetivencss of rvtinoic seid in our tyalem 
may Le related in some way to its inability to function in these 
other Wioluge ot glen, 

Another aspeet of theme studict is the relation of vitamin A 
deficiency 0: excess to enduzenous oxidative phophoryiation. 
Tn most cases endogenous oxidstive phosphorylation was higher 
in the mitochoudsia fiom eontiel rats than in that from deficient 
or toxic animals, This fact is important in the Fight of a study of 

‘endoxcnous oxidative phoghorylation by Weinbuch, SheMficld, 
and Garbus (15), in which they concluded that the capacity for 
endogenous phosphorylation is related te the inhercot stability 


* of the mitochondria. 


These revulls Mustrate hat vitanin A ‘deficiency or excens 


has a profound effect on ovidative PLosphoryiation ond that thie 


effect can be explainal by changes in mitochondrial membrane’ 


‘permeability. : 
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INTERSOCTETY SESSIONS Abstracts 1376-328) 


THE FTICLOcY OF LIVER wEcROSTS POLLCWDS ADANISTRATION GF 
POCLTECNE LATE Dt PALQUNCY. Jen MK, Coie, Boston Bosp, 
for Sara, Marvaré Med, feb,, Boston, ines, 

Syaeraicta (J.Met.Can, inst, 12:711, 1565) and Stealer, 
(Ped.Proe, 2:68, 1961), Reve eurcerted the presence of @ 
Worte lise state follewing large doses of procewtercane lete 
in preyrarcy ia tne ret, Se have given progesterone (10 are / 
day ‘m olive 011) subdeutaneously der inning et 15 cays of geet 
etion for $ days im one certes of 25 ara comtiruirg till seco 
rifiee at 2-20 days of feztetion in another series of Ji rate, 
Tee anizale were sserificed in €roupe at 21-26 days of geet 
ation, As gestation was prolonped, we incidence of feta) 
intreuterine death inereased, Concceritantly the Loridenee ef 
Ryocerditie, encocarditis, ertensive Liver recrosie and tater 
etitial Frelonesiritis of Ue mother increased, The placentas 
graves early, Cecenerative chanres in Ue labyrinth, then in 
ereseing evicence of chortonitis, lstyrinthitis, necrosis and 
fessive bacterial growin, Ia only cee cower ws renal com 
tical necrosis fam, These changes im the wterus ani those 
@lscwzere in the boty ere consistert with Overvhelaing sepeia 
due te invasion fros the ceesive tecterial grewun fe tne 
WRerus @ascelateé with necrotic material La the wleres, 

(ASeed by Grant MD 01172, USPAS,) 


° Physiciegy 
TUD-INDUCTD CMBRYONIC MORTALITY IN RABBITS. Wok 
piowe, WwW Williers® eieraen, Dept. of 

Biechem., Urav. of Ga., Athens. 

Two distinct effects of en intrauterine device in the rabit 
occur: 4) @ localized effect in the [UD-comteining utenne hore 
WhICA results im @ 38.4% reduction in the rate of implantation, 
and 2) a neneral affart, evecndt '= oho gecand half of preg- 
Agacy which results in @ P:ch incidence of embryonic death. 
TUD's do not effect ovulation, sperm capacitetion or fertilize= 
tion. The anti-implantation etfect may Le related to an upset 
$f carconhydiete metabolism hased on a) @ 38% decrease in 
toted carbonydrete in uterine fluid from [UD-containing hos 
and & Gay Blastocyst fluid, b) an increase in the tree-sugar 
content of uterine fluid from [UD-containing horns and c)hyper- 
tonic glucose solutions inhibit implantation in utcrine hoens 
containing 1UD's but not in control utenne horns. The [UD ia 
fabtite offers @ unique resrerch tool for studies of implenta- 
ton and empryonic deeth. This work supported by NIH Bio- 
medical Giant 23008 end Training Grant No. $ T01-HD*00140. 


Anes, lowa, 
Vitamin A wee given to mated Beagle bitches to deterains 
the existence of @ ¢ ate effect. Detly orel « 
tion of witante & ta éoses of $0,060 te 125,000 1u/; 
Wolaht end a¢ varying periods free Gey @ through 4. 
plegnaency wae wv Welping eecurred noresily of 
tection was per ft pa 
tly treeteent with 125,000 
y 17 through dey 22, other 
Ihates ot ved were deleorasd ané etceesory suricios, 
bimde@ tatis, reduced lietor hee, fatlvee to litter, mum 
Biliod fetuses and vaicornvel Pregnency, (Supported te part 
by USPHS Coneral Research Support Gen) 


i379 Pborennematag > 
AWTITYOOTIC ACTIVITY oF 2- METWYL- 3- ETHYL- 4-or OTL-@- 
CYCLOMUXENE CARMOTYLIC ACTD tm Tuk Rar, B. _Riyes Lod 
BR. Neve, (opon: 7, C, Raith), OMTMO ALSEARGS 
FOUNDATION, Reritoa, Kew J ‘sey 
I-wethyl-3-ethyt~4-pheny yelehenese corvesylioe 
e346 (ORF*3858) inbidbitow Pregneecy te the ret wees 
orelly scataictered on © single dese of 28 ug eg. on 
either ef the fiest tve Geye of geatetion er voce 
10 La. /h@. ue given om each of these eoye, Peete 
Coie) tubel flushings revesled that the @rug coused 
Syste of the Blestemeres of early 06 6 boure tut eleors 
by 84 hovrs efter ovvlstion, The rug ects os 8.36 
times the ore) estrogenia peotvrecy of A estrediad 
O88 Oteesced ta the ret wter seotent ¢ Sthyny) 
@Otredivl, Buverer, led to duplicete the eeticygetie 
effect of ORF-IA28 even ot dose levels es bight os 
S09 ,¢./ag. ORF-2028 neither interferes cite ingleate- 
thee nor ected 00 6 progesterene entegoniet vee 
eppeeres to effect sygoie @trectly or ty neces ef 
Some elteretiog te t(ubel cavirenest, 


ORCAPACITATION FACTOR, A RATTRALLY-OCCURRING ANTIFERTILITY 
SUBSTANCE, H.C, Pinsker®, WLR, Chernof{e. 7.0 Abasye, 9,9, 
Peck ar¢ Vol bilite Biochem. Dert., Univ. of Ge., Athens, 
Decapacitecion Pec (OF), © evbstence wormelly presest @ 
@seculated apers ond tn the sewins) pleomss (SP) of severel 
oniasl spect prevents spere frve fectittaing eve, It te 
femoved trem spers, @ procase called fasecitetion, only 
incubstion im the uterus for several houre after which tine 
Sperm com fertilise ove, Ueing inhibition ef the copecity of 
Sperm te fertilice ova tm the rabbit uviduct os 
wee purified and some propertt 
of bull and rebdbit SP reves! 
for of DF activity. Alte 
waehing of the tatttelly active pellet, OF ectivicy remsined 
realy 19 the rebbit SP pellee but wes covpletely reneved 
the bull SP pellet being recovereble ta weter weohings. 
After prateelyeie of the rebbic pellet, OF setivity ne lenger 
Geodiwoated, Cal (iltretion tnéiceted @ low moloculer weight 
om the order of 56O foe bull oF. Prelteinery espertecntea 
Ouggeet thac DF to entrectsble froe equeeus solution by 
chlorelurmaethenol. Direct {@jection of purified OF tate 
the reddit ucerwe followed by neturel Bating werhedly lowered 
the nusbder ef ove eubsoquently fertilised ovagesting @ posste 
ble centroceptive epproech, Supported by HIN resesrch greet 
GQ 10034, training greme | T1-MD 1460 end Cor. Dev. 2-K}-483. 


CRITICAL EXPOSURE TIME POS AMDOOCEM STERILIZATION OF TR 
FOULE OAT. B. Coren ond yg, ALOL®. Dept, of Aneto and 
Breie Ree, Inat., CLA Beh. Med., we Acgeles, Calis. 
Testectervas pro; tunste (TP) taduces anovulatory eteriitey 
Whee given to > dey Olé tomelen Thirty wg TP ceovlted ta @ 
Seerkisty Imctdomee (61; pace a aewyuletery 1@ groupe 
of at least 10) of 92 ot 43 100 et $0 daye of age, 
Tale effect of 30 mg TP vee prevented by Q) ag/tet pontoverdio 
Col (PB) give with the TP and ogeia & houre ers SL ealy 2 
at 45 Goya, amd 14 ot 90 doye of age. This preventive action 
of two Lajectivas of PR wee Sabtbiced dy Giaulteseous injeoe 
Choos of Metresel (M; 2 mascot), Aw Sf of 73 and 10 vee eb 
Served 43 and 90 days following che ejection of TE Ph, ond & 
Tee slsins! neonate! exposure to TP needed fae etovilit wea 
Otudied by leitiatiug the two fleas of PB ef verteus ise 
terveie iviiowing If aver with PB ti,ee 
26 house efter TP oe 82 of 33, 24,74, ond veepee> 
tively. & elagte phesodar di (PRO; QS ag/eas) 
gtvee O,2& of 26 hovre alter TP produceé on 31 of 14 34 6y 
and 63, cespectively. Although the nature thie procestive 
Ghlect coe 00 doy 43 te unanovn, tue Cont ative contluetons 
O40: Espooure during ihe firet tow howe after TP te ceiticad 
etace © éree of PRR tacllective after 3 hours, coe blech the 
otteet of TY whom given vith bt. & secund phese to the teduge 
tive scttee of TP te aenoltive ang Seete shout 13 beurs. 


Abstracts 1283-1367 
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FIBRINOLYTIC AMD ESTE ROLYTIC As 
PHATE EUGLOBULIM. P, tiezpel*qap: 
Med. Div., Bellevue foep.. M.Y, 
Humee placing evgiobulia prepored w 
ereseed Lbrinolytie (Brakmas and Aste 
acetyl lysine methyl esterase (ALMe)@ 
Yale U., 1966) te comparisvus with o@ 
were wadertahen te characterise the mm 
te lave stigate its fibrinolytic activity. 4 
activity using erginine oad lysine enter’ 
gwls''ias, aod has diminiahd 6-§ ciate, 
trophe reais a8 compared to E aad pings 
net inhibited by aeyteee inkililer or tg 
plasmas. Celite incubation viedies shew , 
ia MPC oe  encas o an 
2 8 (PL, PR) by Sephaden G- ; 
phys lysine esterase nad Aboria clat’ 
fractions 206 dows act lyse plasmisoga 
plaominogen. Pl esterase activhy rele 
lysine Me/ALMe/TAMe:2/1/8.8. Thos 
ogen activator aad esterase have & M1, 
Gram ND-03346-04, aad Am. Cagose & 
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Tlog. By Je pense 2. Bie: 
Vass + Bapatelocy Sep’ 
peg eg Colwstie Utes, 
Preview wert éegomsireted Peete 
activated By ticeuse Uhresbeplactis 
eumptinn te biwnt cette tod by Pree 
studies vere rate fe © setiest ott: 
decytopesia whe maaifected © prolae 
Tatrevascular eragviations vee indic, 
ive fibrinelyete by elevs 
Guct leveie. Separia eorrecteé ot 
Duriog éefibrination l-etage Partas 
Bigrer thas S-etece levels. Siatle 
several) other pationte wits Geftord 
wladility,” end the presesce of art 
fe postulated, Comaricea of cong 
tefivrisat!en eres bend 
4uceé Factor VT wotnge 
vase V ané XT levele an martedip 
stage) levele Guring Gefibriastion 
eliantiy himmer @ertag éofidrinatic 
sidly resulted from activation of ¢ 
mechenion. (Supported ty rvs Co 
AM32502-03 eng Met. Ceapt. Bemegh. 
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Nutrition of the embryo 
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"Laboratoire d Histologic, Facultt de Médecine, Paris, France 


e . 
VC FACTORS Concerning normal and abnormal 
4e.exopment of the embryo have been thought of for a 
arg time, but very few in corrclation with its nutritional 


“srysrements. One allusion is given in the Bible: The 
”, 


‘tees have eaten unripe grapes, and the teeth of the 
Gadren are set on edge. According to Xenophon, women 
sz ewally badly nourished during Pregnancy and they 
uz eblised to weave. He writes: In these condition: is 
ot posible to delude ourselves on the future of the chile 
Ia the more recent past, there was a widespread idea 
tat ccod nutrition and good reproduction were related, 
tt interest in values of foods was especially focused on 
tex good effects on sexual stimulation. According to 
4: Zeron (19) the artichoke is able to incite the most 
ssaeous and spellbound to amorous 
Ticcaus Peuperum, Peter the Spaniard claimed that the 
situan is very useful to the ‘uterus and facilitates the 


: ssacpuun wi boys. 


: erwaly considered. In 1 


{twas impossible in earlier times to go further because 
édedificultics which existed. It was necessary to know 
#< exact Composition of foods and to use purified or 
ie pletely synthetic diets in experiments, since almost 
« sere dependent on withdrawal of definite substances, 

Tass, it is only in modern times when the problein of 
r-zition of the adult and of the young: is almost solved 
tat the probicm of the nutrition of the embryo is being 
git, Hart et al. (129) showed 


«cows that immature and stillborn fetuses were thé 


> wh of a diet poor in calcium. In 1935, Hale (126Y 


| mdtofa maternal vitamin 


‘-sastrated that malformations in Piglets were the 
A deficiency, after having 


“=t4nated hereditary action, the hypothesis in favor at 


 tattime to explain malformations (Fig. 1). 


$.e then considerable work has been done concern- 


+ "enbryunic requirements, the influence of deficiencies 


# df excessex, and the importance of an equilibrium; 


| *\ correlation between nutritional and genetic condi- 
* %4y8 more and more known. 
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. “O MAMMALIAN EMMRYOS 


Tie feeding of the embryo is insured by the egg or by 
during gestation. For many animals and 


Tra the Nutritica Symposium on “Nutrition and Prenatal 
>-<pacn” prea nied at the 518 Annual Meeting of the Federa- 


vin ogy Biology, Chicago, lil., 


dalliance. In the’ 


especially birds the problem of embryo requirement if 
stocking the nutritional 
normal feeding is very 


Pproteing 
in and other, especially 


osphatides, and 


solved in advance, the female 
material in her eggs; thus its 
important. 

ary consists of 


ns many inorganic constite 


Only F, Ag, Cr, 
men is added in the 
nutrients than the yolk. 


Naturally the value of the egy depends on the nutrition 
of the hen: Romanoff and Pomsnoff (263) daimed that 


€gg production is closely dependent u 

food. Some deficiencies and thcie 

Presumed. Also, in accord with active 

egg, some substa 

normal ones m 

lead, and radi 
akes its food from its mother, 
ovuin remains free in the 
which both 


tilize an embryotrophe, 
erine glands, the uterine 


oxygen are provided simultane 
function is at first 


Naturally the value of the placent 
dependent’ on the nutrition ie cone herself. Its 
value increases with the mother’s 
depends also on her size. i 
of different size (horses (322); 
(438, 139)) illustrate this fact, 
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FEDERATION PROCEEDINGS 


In order to insure the increasing needs of the fetus 
during gestation, the maternal organism modifics its 
metabolisin; it fixes more substances than usual, storing 
proteins, mincral salts, and othcr substances, in order 
to be able to insure the necessary transfer. Yet Z.achan- 
Jewski (349) claimed a daily retention of 3-5 g nitrogen 
to the end of gestation in the woman. Macy and 
Hunscher (195), who made a series of continuous 


balances on pregnant women, demonstrate clearly the _. 


nitrogen storage and the cumulative reserves of Cl, P, 
Na, Ca, and Mg. In the rat, Rombauts ect al. (264) 
showed that a considerable retention of nitrogen may 
oceur. Compared with a period immediately preceding 
mating, the daily nitrogen retention was increased by 98 
mg during the period 0-4 days and progressively by 191 


vio. 1. Piglet with vitamin A deficiency, Note microphthalmy 


. and abnormalitics of the car. (According to Hale (126).) 
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no. 3 Influence of placenta on the growth of pregnant rat 
when only the fetus is removed, the placenta remaining ja the 
uterus (arrow). (Modified from data of Bourdel and Jacquot (32).) 


mg during 16-20 days (Fig. 2). When the embryos are 
suppressed, the placenta remaining in situ, the weight 
of the mother continues to increase (315); the reten- 
tion of nutrients is almost the same (32). Thus the 
storage by the mother depends on the placenta and, it 
sccms, on its hormones (Fig. 4). 

The functional _value_of the placenta is of the fins 
hnportance. Its size and its circulation are fundamental, 
as experiments of MacLaren and Michie (193), and 
Wiggelsworth (333) have demonstrated. It is also the 
same for its normal structure. Infants weighing less than 
2.5 kg (premature) but born at term have been 
considered undernourished, and deficient function of the 
placenta was envisaged. Scott and Usher (277) do not 
emphasize the condition of the placenta, but many 
observations are significant; Gruenwald and Connell 
(124), Gershon and Strauss (100), Warkany et al. (325), 

"and Bazs6 and Ga4l (21) have noted in these cases the 
exaggerated presence of avascular villi and infarciike 
sequestration of large arcas. Such defective conditions of 
the placenta could explain the delayed growth of the 
fetus. 2 


UTILIZATION OF THE FOODSTUFFS 


The foodstuffs are necessary to the embryo for building 
its tissues and organs and insuring the encrgy necessary 
to its life and especially to its synthetic processes. Carbo- 
hydrates are often utilized for energy, with lipids and 
even protcins as secondary sources. For synthesis, the 
basis of the growth of the embryo, the requirement for 
protcin is naturally the most important. In accord with 
the modern view on the role of nuclcie acids in protein 
synthesis, we must think of the successive production of 
deoxyribonucleioes, ribonucleines, and then the various 
proicinn 

According to the old morphological observations 
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the same embryos, Brachet (34) confirmed the increase 
of DNA by chemical inethods. 


Deoxyribonucleic acid 


Fertilized eggs 
- Gastrulae 
Pluted 


After the deoxyribonucleincs, the ribonucleoproteidcs 
must be synthesized since they serve as intermediates 
between the foriner and the new proteins. Winick and 


t(lunar months) 
on 


Noble (341) have studied such an evolution in the rat - 


from 10 days after mating to maturity. Kafiani and 
Timofceva (155) studying a fish embryo have noted that 
the synthesis of RNA, at first slow in the nuclei, increases 
rapidly. Thomson and Biggers (305), using actinomycin 
D or mitomycin which blocks RNA synthesis, stopped 
the segmentation of mouse eges. In older embryos, Mori 
and Iso (215), utilizing *S-methionine in rabbits, noted 
that rate of protein synthesis seemed to parallel the RNA 
Concentration. Analogous studies were done on birds 
Sugimoto (291), Taussig (298), and Coffey et al. (57). 


KEQUIREMPNTS IN CORRZLATION wiTK 
VARIOUS EMBRYONIC PULNOMENA 


In the evolution of the embryo, three phenomena may 
si i ation, and crowth. 


Mportant because the requirements 
of these phenomena are not the same. Spratt (288) 
studying cultures of chick embryos in defined media has 
demonstrated that the requirements for maintenance are 
very small, those for differentiati6n are greater, but those 
for growth are very important. 
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decreases during the pregnancy. 


It is the same for the ma 
uterus. The growth requi 
for differentiation. For 


' deficiency the growth of 


In humans, we observe the same facts. In the at-term 
newborns weighing less than 2.5 kg, growth was slowed 
but differentiation had nevertheless progressed. Today 
they are rightly labeled retarded or u i 

Growth of the embryo. Concerning growth two points of 
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FLDERATION PROCEEDINGS 


m0. 6. Curve of weight of hu- 
maa embryo according to the 
weeks ater let menstrual pe- 
tiod. The infection in the last 9 
months smveals the insufficiency 
of the nutritional line (mother 


View must be Considered: the speed of growth and the 
absolute growth. Recently Pineau (245) has studied the 
linear (statural) growth of the human embryo. He gives 
the curve of rate of growth which shows, after a sharp 
increase, a progressive decrease all during gestation, and 
the curve of absolute linear growth which increases all 
during gestation (Fig. 5). We will emphasize growth 
measured by weight which isa little different, being more 
easily influenced. If we consider increase in mass per 
unit of time, or the rate of synthesis, we sce that it is at 
first very large and then decreases progressively, For 


* animals after birth, that decrease is well known, and the 


daily requirements per kilogram become lower and lower 
with age. 

Minot (212) found that the rate of growth in the rabbit 
embryo, measured by percentace increments, decreased 
from the 9-15th day (when the rabbit adds, on the 
average, 704 % to its weight daily) to the 15-20th day 
(when the averaye daily addition is only 212%). Then 
he estimated that over 98% of the Original power of 
growth in the chick or rablnt has been lost at the time of 
hatching or birth. This is equally true in man. In all 
these cases growth follows an exponential law, as was 


. iustrated recently by Laird et al. ( 164). Simultaneously, 


requirements diminished per unit of weight. 
The speed of growth being maximum at the beginning, 


oe a 


the metabolism is maximum and the requirements for 
energy or synthesis per unit of weight are also maxi- 
mum, but because of the very small weight of the embryo 
the absolute requirements remain small. Nevertheless 
they must be satisfied because it is the sensitive period of 
organization, : 

- With time, the absolute requirements change because 
the mass of embryo is increasing continuously. Absolute 
growth is represented by the actual weight which in 
Greases more and more with age. Beginning with a negli- 
gible weight the embryo acquires a weight of many grams 
in birds and may reach many kilograms in mammal. 
Schaeffer and Le Breton (275) have given the curve ia 
chicken revealitig the continued increase during incv- 
bation. The requirements are insured by the yolk and 
the albumen and their valucs depend on the previous 
feeding of the mother. : 

It is the same for mammals. The Progressive evolution 
of weight in mammals has been studied many times in 
animals (guinea pig) and especially in humans. The 
weight of the embryo increases Continuously during 
gestation and the requirements may become very large 
Therefore correct feeding of the mother during all of 
gestation is very important. 

Studying the curve of absolute growth of the humas 
fetus in the second and third trimester, Gruenwald (125) 
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growth, after following a 

Fig. 6). According to the view of 

it is the result of the 

pply line (mother and 

strongly when a fetal 

human. The proof is 

¢tus when the number 

twins (123, 191, 218, 

320). Some senescence of the Placenta must also be 


eavisaged. 


REQUIREMENTS OF THE PMBRYO: DEFICIENCIES 
OR EXCESSES AND THEM REPERCUSSIONS 


necessary to distin- 
Pes of deficiencies, 
Dietary restriction, without any very 
th principally, but it 
n death in mammals, 
ve claimed that good 
‘Feproduction in hen: was dependent on the quantity of 
food. Byerly et al. (46) demonstrated clearly the relation. 
ship between egg laying and the feeding of the hen. 
In the rat, dietary restriction redu 


rmal when the 
1). Recently, in undernutrition 
creased mortality of the embryos 


facts. Burke et al.- (43) © 
3) studied women with 
more deficient the diet, 
ths of the fetuses and 
dition (i.e., size and weight) of 
(130) has noted that the birth 


TABLE 3. Influence of ewe Seeding in twin bregnancy® 
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344 day-old Fetoves, bg 


$-00 and HF 
2.70 and 2. 


High-level diet 
Low-level diet 


Wallace (g20), - 


th white and nonwhite women who 
omic status allowing good nutrition, 
cs subsisting on a 
pecially during the last war (Smith (285), in 
miscarriages, Preinaturity, and still. 

t, and an increase j 


in many ° 
cases the die 
‘a3 not absolutely general but involved 


rimarily proteins and lipids. 
ee the 


rat, Barry (i 


(95) claimed that starva 
or embryonic resorption. 
tioned. The onl i 


food induced abnormalities. Other 


envisaged. 


repen 
alter (156) has noted tha 


t with a hypo- 


caloric diet, sensitivity to the teratogenic action of corti- 
sone was increased, 
Specific deficiencies. Thus general deficiencies often have 


* Various repercussions: prematurity, stunting, and death. 


Qualitative deficiencies limited to specific substances are 


— 


much more, serious. | Not only can they prevent growth or 


inducé death but many 
formations. 


Produce lesions and also mal- 


PROTEWW AND AMINO A 
REQUIREMENTS AND IMPORTAN 


Proteins as well as their amino acid constituents are 
of primary importance. According to Spratt (288), in 
chick embryo explanted to carbohydrate media contain- 


“9 "0 nitrogen sources, 


morphogenesis and cellular 


Cifferentiaus.. continued but there was no gtowth, For 
th. chicken the natu-- of the protein of the food is im- 


ity is higher in eggs laid by 
iets than it is in i 


ysine, leucine, iso- 
ylalanine, methionine, threo- 


Burke et al. (44) studied the results of pregnancies 


among many women living on various 


Containing less than 5% 


types of diet. 


iets in protein yielded d undersized and underweight 
rewhorn (Fig 9). baa 74) has confirmed this 
Ubsernva On. ———2 Sh Os confirmed this / 


era. Guilbert and Goss (125) observed that dicts 
Protein produced many abor- 


tions, According to Nelson and Evans (2293), recently 
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FRDERATION PROCEEDINGS 
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HEIGHT 


GRAMS OF PROTEINS 


no. 7. Curves of growth (weight and length) in newborn infants 
as a function of protein intake of their mothers, Data for males 
and females are mixed. (Modified from the data of Burke et al. 


Mh) 


confirmed by Hazelwood and Nelson (12g), the abortions 
were the result of disturbances of the pituitary and 
ovarian functions, since a mixture of progesterone and 
estrone cured the condition. 

Puppics buen of protcin-calorie deficicnt mothers are 
small, have poor survival, and coordination_troubles 
correlated with neuroglial increase in the spinal cor 
(248). It was about tlie same for piglets (247). 

The importance of cach amino acid is not the same. 
In ocganotypic culture Woifl ct al. (545) have noted that 
the requirements_of various organs are not the same. 

igmentogenesis is facilitated by tyrosine and arginine 
(280). Herrmann (132) and Rothfels (266), with 
analogucs of phenylalanine, induced abnormalities of the 

. nervous system and, with analogues of Icucine, abnor- 
\ malitics of the mesoblast (no somite formation). Feldinan 
and Waddington (86), using ethionine as an analogue, 
and Waddington and Perry (318) induced abnormalities 
also in chick embryos cultivated Th vitro. Austic et al. 
(13) and Grau et al. (121, 122), by perfusion of yolk 
sac, have demonstrated the importance of Icucine and_ 
valine for the survival of the embryo, and of tyrosine for_ 
Tetinal pigmentation and the survival of the neural retina. 
With a dict of 4% protcin, poor in methionine and 


cysteine, MacLaren (192) observed abnormalities of the 


tye, especially of the lens, in the rat. Using gthioning as_ 


~~ an antaconist to methionine, Lee*et al. (174) and Profit 
‘and Falwards (251) observed only a poor reproductive 
performance. The question of tryptophan is important 
because tryptophan is a precursor for nicotinic acid in 
various species. Alcock (5) and Albanese ef al. (4) have 
reporte. ‘sturbances with diets poor in tryptophan. 
Pike (243) has obscrved cataract. During embryogencsis 
in birds or mammals, synthesis of nicotinic acid from 
tryptophan was observed (12, 150, 338). ; 
Excess_of protcin. is not without repercussions. 
Aschkenasy-Ielu znd Tuchmann-Duplessis (10) have 
noted that a dict very rich in protcin is followed by 
meriity Correlated to a disturbance of the ovary. Effects of 
injected supplementary amino acids may have no favor- 


able effect. In birds the injection of glycing into the 
eggshell membranes (313) induced stunting, death, or 
abnormalities. With other amino acids or vitamins, no 
similar results were observed. 

Cohlan and Stone (Go) have observed analogous facts 
in the rat by intraperitoneal injection of amino acids. 
Excess of t-lysine_and_t-Jeucine diminizhed survival of 
the litter and the expected maternal weight gain. Injee- 
tion of other amino acids has given the same results, 


In the clinic, it is known that some amino acids in >/ ~/ 


xcess_ inthe blond may be dangerous, In phenylke- 
pte I A Stereren an rare $, sn pheny 

fonuric children, the excess of phenylalanine due to lack 
of the correlative hydroxylase Clcuarts the evolution of 


. their neural system involv g its myelination (66) and 


impairing its norma! function. The same metabolic error 
may exist in the mother. The elevated level of phenyl- 
alanine in her blood and its associated metabolic 
disorders, according to Fisch et al. (go), may have a 
detrimental effect on fetal growth and on its postnatal 
physical and mental development. Recently Mabry et al. 
(189) have observed six cases of phenylketonuric mothers, 
Their children do not have peg gene and are 
not pheny!ketonuric but were mentally retarded. It was 
the _result_of the high Tevel of phenylalanine in the 
mothers blood. Thus it ia necessary to detect such 
mothers and to correct their metabolic disorder by a 
diet poor in phenylalanine. 


13PID PEQUIREMENTS 
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Ln birds Menge et al. (204) have observed that poly- 
unsaturated fatty acids in some foods improve repro- 
ductive performance; nevertheless the lipid content of 
the yolk follows very little the intake of the hen, whieh 
produces lipids from carbohydrates. 

Female rats on a fat-deficient dict usually remain 
sterile or their embryos die. Burr and Burr (45) demon- 
strated that this was due to the lack of unsaturated acids 
and more precisely of linoleic acid. Evans et al. (82) and 
Macder (196) confirmed these facts. According to Deud 
et al. (72) the rat may become pregnant on a dict without 
lipids but its young cannot survive. With a dict poor in 


“fat Martinet (200) observed localized hemorrhages in 


the fetuses dite to linoleic acid deficiency. 

The influcnce of an excess of cholesterol has been 
examined. Raulin (256) noted that in rats it did not 
modify the reproductive performance of females on @ 
lipid-free diet, but if the diet contained nonsaturated 
lipids reproduction ‘was clearly disturbed, the fetuses 
died, or their survival after birth was poor. In pregnant 
cats the injection of cholesterol (42) is followed by fre- 
quent cleft palate. In humans some metabolic disturb- 
ances increasing the level of lipids and especiclly 
cholesterol in maternal blood are perhaps responsible 
for developmental troubles, In diabetes there are pre- 
mature births and an increase of :nalformations. The 
sugar level docs not seem to be the problem. It is to be 
noted that according to Randle et al. (253) the fatty 
acids modifying glycolysis may play a role in diabetes 
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by their excess. Jt is possible that the elevated Jevei of 
lipids and cholrstcral_(71, 163) playsa teratogenic role.” 

Uchmann-Duplessis and Mercier-Parot (310) have 
noted that a drug (Triton) which increases the cholesterol 
level in the blood induces abortions or abnorinalities in 
mice and in rabbits. Conversely (267, 268) drugs (tri- 
paranol, AY 9944) which disturb cholesterol metabolism 
also cause perturbation of the developing embryo. 


CARBOHYDRATE REQUIRE MENTS 


Carbohydrates are usually the first source of energy 
for embryos. According to O'Connor (231) this is the 
case for the synthesis of polypeptide chains, the first step 
in protein synthesis, 

Spratt (288), who investigated the metabolism of the 
early chicken embryo explanted in vitro, reached the 
following conclusions. Carbolrydrate is the main source 
of potential encrgy. The embéyo is able to utilize some 
carboliydrates but not others, glucose and fructose being 
the best. The requirements of the various organs are not 
the same: brain, spinal cord, and optic vesicles will not 
develop at concentrations of sugar substrate which are 
quite adequate for the heart. 

By perfusion of the yolk sac Austic, Grau _ad Matteson 
(1g) have also observed the importance of glucose for 
survival. 

The nature of the carbohydiate intake of laying birds 
deserves consideration. The ‘nutritional value of the 


various carbohydrates depends on their nature. Couch | 


et al. (63) fed birds on dicts containing different carbo- 
hydrate sources. In some cases they observed a delay 
in the laying of eggs, and in other cases fetal deaths or 
anomalies similar to those in biotin deficiency, such as 
syndactylia and micromelia. They assumed that dextrin 
perinitted synthesis of biotin in the intestine of the laying 
hen while sucrose and lactose did not. 

According to Landaucr (167), carbohydrate metab- 
olism and its changcs are very important for the develop- 
ing embryo. This author believes that altcration of carbo- 
hydrate metabolism is responsible for the disturbances 
produced by insulin and toxins, a hypothesis confirmed 
by the fact that they are corrected by vitamin B. 

An unexpected result must be noted: injection of 
Slucose into the eggs may produce dcath and malfor- 
mations (158). 

For mammals, it is known that a special sugar, 


dangerous. Bannon ct al. (15) 

newborn rats resulting from the 
presence of galactose in the mother’s diet. These facts 
were confirmed recently by Scgal and Bernstein (278). 
Moreover, de Meyer (205) has secn many other mal- 
formations of the cye. In humans, it seems possible that 
some genetic galactusemic condition of a mother (55) 
may have repercussions on the embryo. It is possible 


NUTRITION AND PRENATAL DEVELOPMENT 


that some disorders of carbohydrate metabolism in the 
mother such as diabetes are of importance for the fetus. 


‘VITAMIN REQUIREMENTS 


The study of this question was achieved by deficiencies 
of the vitamin studied in synthetic dicts, and sometimes 
by addition of antibiotics to suppress vitamin production 
by the intestinal flora. 

Frequently now antagonists are used; their ection is 
quicker and permits intervention at the sensitive period, 
but the action is stronger, and perhaps there may be 
some toxic effect, since it is not always corrected by i 
vitamin. Moreover, this last method demonstrates 
physiological necessity of a substance, and its inhibition 
by an antagonist inducing various disturbances. But it 
does not indicate that it should necessarily be provided 
by the diet. Such seems the case for nicotinic acid usually 
synthesized in many species. 

In this field, as in the case of minerals, the question of 
an equilibrium is important: the relationships between 
calciuin_and_phosphorus and between Se ge 
vitamin D_bave been known for a long time. The rela- 
tions between Pp)Tidoxine and nicotinic acid, pantothenic 
Acid, and even Unsaturated fatty. acids must be noted. A” 
complete review of vitamin interrelations is given by 
Terroine (301). 

The question of very specific deficiencics is also impor. 
tant. Comparing the results of a specific pantothenic 
acid deficiency with a complete vitamin B deficiency, 
we have noted that the former was the more noxious, 
The resorptions were approximately the same, but the 
malformations w-re much more frequent (108). In con- 
trast to the lack of a vitamin, its excess may be noxious 
cither by imbalance or by itself. This is’ particularly the 
case with vitamin A, 

Ascorbic acid, For ascorbic acid, its presence in the dict 
is only necessary for species such as cuinca pig, monkey, 
and man, which do not synthesize it. Cheadle et al. (52), 
Mouriquand et al. (216), ar "Reyer et al. (259) found 
such young newborn guinea pigs developed scurvy. In 
chicken embryo which synthesizes ascorbic acid, Fabro 
and Rinaldini (85) have noted a reduction of synthesis 
with age. In humans, Premature birth has been suggested 


to be related to this deficiency by Martin et al. (199). 


Thiamine, vitamin Hy. In the chick embryo, Naber et 
al (217) increased the death rate by antivitemins (neo- 
pynithiamine and oxythiamine). In the rat, iVelson and 
Evans (225) have observed similar facts, but thoughc the 
abortions occurring in the latter experiment to be due to 
hypophysogenital disturbances. With a dict poor in 
thiamine, Brown and Snodgrass (38) noted in the rat a 
reduction of the litters but nu malformations. In sows, 
Ensminger et al. (78) also reported disturbances of preg- 
nancy. In humans, where beriberi is frequent, there is 
no indication of the productivn of malformations, 

Ribofcuit, vitamin By. The influence of lack of vitamin 
B; (riboflavin) on reproduction is well marked. Disturb- 
ances due to its deficiency have been observed in birds. 
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There is a great reduction of the hatching rate, and often 
the limbs of the e:nbryos are shortcned. Ederma, anemia, 
and dwarfism were also noted. Lepkovsky ct al. (178) 
and Brown (40) demonstraied the importance of trans- 
fer of riboflavin from the egg to the embryo. 

In the sat, Warkany and Schraffenberger (329) estab- 
Lished that a riboflavin-deficient dict has a truc 
teratogenic effect. This deficiency induces definite mal- 
formations: cleft palate and shortening of the limbs with 

aiylia (Fig. 8). Giroud and Boisselot (164) and 
Bologna and Piccioni (29) obtained similar results with 
a synthetic diet deficient in ribofiavin. In a deficiency 
produced by an antagonist (galactoflavin), Nelson et al. 
(221) and Kalter and Warkany (153) observed much 
more varied abnormalities. In huimang_it_appeans that 
only one case was quoted and may be questioned. 
Neate act titemin P-P. In the chicken, nicotinic 
acid is presumably synthesized during deveiapinent (69). 
Nevertheless, according to Briggs ct al. (36) giving the 
hens a large amount of bone ccin in a purified ration 
creates an amino acid imbalance and reduccs egg pro- 
duction and hatchability. They interpreted the result as a 
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no. 8 Malformations in riboflavin deficiency. Cich palate 
(top), micromelia (owiom), and syndactyly (middie), (According 
to Giroud and Buisselca (104).) ; 
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nicotinic acid deficiency because nicotinic acid produced 
% recovery. Clear-cut evidence that nicotinic acid is an 
important metavolite was givenbyAckermannand Taylor 
(2). Using 3-acetylpyridine as an antagonist to the vita- 
min, these authors obtained slowed owth, malforma: 
tions of the fect, and edema. With 6-aminonicotinamide 
as antagonist, Landauer (169) has observed micromclia, 
and parrot_beak, These could be prevented by nicotin- 


. amide. 


In the rat, Ruffo and Vescia (270) have noted 2 


. reduction of titters in deficiency. After injection of 6- 


aminonicotinamide, Chamberlain and Nelsor (49) have 
observed man abnormalities. Analogous facts. were 
observed in mice (240). Many experimental observations 
have been made with antagonists. They prove the impore 
tant function of nicotinic acid, but perlaps did not 
prove that it is a necessary nutrient, since many species 


“seem able to synthesize it from tryptophan. On the other 


hand, we must note that in humans there is no evidence 
Bh ee eer Lesa 
ite 


CES production (65). The antivitamin exerts an inhibi- 


tory effect on the developing chick embryo: death or 


and Pike (265) observed a deleterious influence of this 
deficiency on the development of the embryo. Nelson 
and Evans (224) obtained abortions with an analogue 
(dcoxypytidine), possibly by a secondary impairment of 
hypophysogenital function, since administration of 
folliculin and progesterone restored normal gestation, 

Folic acid. Folic acid appears to be very important 
possibly by way af its role ih deoxyribonucleic acid syn 
thesis (participation in thymine synthesis and other 
purine bases). Recently Potier de Courcy (250) showed 
this, role and its influence by the decrease of DNA phos- 
phorus, RNA_ phosphorus, and protein nitrogen in the 
rat fetus during this deficiency. 

In the reproduction of birds, the part played by folic 
acid was demonstrated by Taylor (299), its absence in 
the dict increasing the mortality of the embryo. More- 
over, folic_acid deficiency appeared teratogenic. Sunde 
et al. (292) found angulations of the tibiotarsus, syndac- 
tylia, and parrot beak. 

In the rat, Richardson and Hogan (260) as well as 
Hogan et al. (136), observed that with an incomplete 
synthetic dict, 1.7% of the young were hydrocephalic. 
This was party suppressed by addition of folic acid, 
and completely suppressed by addition of vitamin Bye 
(233). Stempak (289), with 2 folic acid-deficient diet 
limited in time, observed the same abnormality. Nelson 
and Evans (223), with a diet made deficient by an antag- 
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ma. 9. Folie acid deficiency in the rat. Malformations at the 
various dates of treatinent with X-nethylfotic acid during gestae 
tion. (Modified from the data of Nelson and Evans (229).) 


onist, found complete resorption of embryos. Thiersch 
et al. (303) obtained similar results with aminopterin. 
Giroud and Lefebvres (106) with a deficient synthetic 
dict showed its tcratogenie action in the yat. With severe 
deficiency there were resorptions of the embryos but with 
less severe deficiency they obtained a series of malforma- 
tions (Fig. g). 

With  antivitamins, teratogenic action was also 
obtained. Using X-methylfolic acid, Richardson and 
Hogan (260) obtained 20%0 hydrocephalus. Nelson et 
al. (220, 227) observed various types of malformations 
in experimentally induced deficiency. Abnormalities of 
the_urinary tract (211) and of the Circulatory system 
were noted by Baird et al. (14). Death or abnormalities, 
according to the stages of administration, were observed 
also by Baranov (16). Tuchmann-Duplessis and Mercier- 
Parot (309) and Tuchmann-Dupicssis and Lefebvres- 
Boisselot (308) obtainec abiornalitics with X-methyi- 
folic acid in other Species, the nouse and the cat. 

- Some significant interactions between a folic acid 
antagonist, pyrimethamine isothionate, and solvent were . 
observed by Anderson and Morse (9), and folic acid did 
‘Rot correct the teratogenic activity. In humans, the 
deficiency produced by an antagonist appeared teraton 
Kenic. Thiersch (362) observed one aenccialc new: 
born_consequent to administration of aminopterin. War- 
kany et al. (325) and Hibbard (133) confirmed the fact. 
Hibbard and Smithells (134) found a significant relation- 
ship between malformations and defective folate metabo- 
lism. A folic acid deficiency seems easy to produce 
during human pregnancy; anemia or megaloblastic bone 


marrow chaiiyes appear revealing (184). The prevention 


of iow blood folate by various doses of folic acid indicates 
that the daily requirements are around 0.5 mg (185), 
Willoughby (337), from Icvels observed in the blood, 
concluded that in late pregnancy the requirements are 
close to. 0.3 mg/day. 

Riotin, Biotin docs appear necessary. In the hen, biotin 
deficiency resulis in 4 “rapid “decline of hatchability of 
the eggs (65) and the appearance of gross developmental 
&bnormalitics: parrot beak, éraoked “‘ibiotarsus,- and- 
short twisicd tarsometatarsus, : 

In the rat this deficiency does not seem teratogenic, 
but deaths or resorptions were noted by Giroud ¢ 
(107). With a deficient diet continued for a long time, 
Cooper and Brown (62) alee found many resorptions of 
embryos, and in the survivors ‘only lesions of the heart 
and the liver. 


Pantothenic acid. In birds the importance of tothenic 
acid in reproduction was observed by Dusen and 
Norris (20), Taylor et al. (300), 

With antagonists the same 
Goetinck, Abbot and Kratzer 
pantethine injected into the cee, 
and retarded development_of the 

In the rat analogous aata we 
Evans (272), Lefebvres ( 
dict without pantotheni 
role of that deficicney: a 
dead or resorbed ones we 
cephaly, exencephaly, 
other more typical an 
vascular dlterations, \ 
limbs leading to the d 
10). Addition of asc 
action (Lefebvres-B 


nate obtained 
guinea pig, Hurley et al 
ase of pantothenic acid and 


‘Coenzyme A levels in normal embryos and noted the 


sensitivity of the female to deficiency. They have seen 
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70. 10. Malformations in pantathente acid deficiency, Bae. 
cephaly and anophthainy. ‘ascular ‘alterations in the Umbs 
foliowed by ectrodactyly, Note the destruction of digital bones, 
(According to Giroud et al (109).) 
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that a Jate transitory deficiency induces many deaths or 
abortions. : 

The influence of an excess of pantothenic acid was 
investigated. Vacca ct al. (314) have noted its favorable 
lofiuenee_oo-Srewth.and differentiation of the enbryo. 

Vitamin Oy.) Vitamin Biz appears necessary for re 
duction, Perhaps it is because af iG Selon on quel 
3cid metabolisi: correlative with that of folic acid (332). 

me of this iateraction may occur because vitamin By; 
deficiency hampers the biogenesis of the active forms of 
folic acid such as tetrahydrofolic acid. 

In poultry, Lillie et af. (181) noted that vitamin Bis 
Gcficiency disturbed reproduction. Olcese et al. (234) 
and Milligan and Combs (209) observed hemorrhages 
and myoatroplics in addition to mortality. Ferguson 
et al. (88) noticed alterations of the heart, liver, brain 
and spinal cord, as well as edema. By injecting an anti- 
metabolite into the eggs Ransdell (255) inhibited the 
hatching. 

In rats, O'Dell et al. (233) have observed that hydro- 

tually 


folic acid but completely by vitamin Biz In the same 
deficiency, Jones ct al. (152) have found only lesions of 
the heart, liver, and brain. In the mouse, according to 
Jaffe (151), reproduction was maintained but further 


: Sepals from nutritional origin was prevented pa 


inositol, Ershoff (79) did not_: netice_adverse effects. 
Carnitine, Licbeeq-Hutter (180) pointed out the favor- ~ 
able influence played by carnitine or vitamin By in bone 
development. Kieny (160). claimed the same for 
dicarnitine as we!l as for carnitine; high concentrations 
of these growth factors were able to replace p-amino- 
benzoic acid. oe ayaa mya 
Choline, With a dict deficient in choline, Jukes (154) 
observed in the chicken and the turkey a thickening of 
the leg bones. In piglets according to Ensminger et aL” 
(78) choline deficiency caused a la~k of motor coordina- 
tion and a high postnatal death rate. In the rat, Meader 
(203) noted accumulation of fat in both fetel and 
inaternal liyers Some interactions must be noted be- 
tween choline and vitamin By. When_the_Bis-deficient 
diet is also deficient_in choline, the deleterious action ise 
- eens se + pees CT 
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increased and the addition of methionine or sarcosine, 


in equivalent methyl groups, did not improve the con- 


dition (346). ear 
“Vitamin 4_In the laying hen, the dictary content of 
vitamin A is of great importance (241, 31g). The vitainin 
A content of the egg is clearly increased by enriching the 
diet with the vitamin. MacClymont and Hart (190) 
described the deleterious effect_of vitamin 


on_ceg production, hatcha 


teratogenic action of this deficiency. In addition to dead 
or sturited embryos, he observed many n.alformations 


in piglets: anophthalmia_or_microphthalmia harclip, . 


k (horseshoe kidney). These observations were 
confirmed Goodwin and Jennings (117) and by 
Palludan (238). This last’ author :aoreover observed 
metaplasia of the mucous epithelia. 

In the calf, Wolbach and Bessey (342) and Moore 
et al. (21) observed cye atrophy due to compression 
of the optic nerve at its cranial exit 

In the zat, Andersen (7) noticed that vitamin A defi- 
ciency caused diaphragmatic hernia_ Warkany and 
Schraffenberger (328) described a scrics of malformations 


pee ee een far Anomalics, and fusion oth 
idneys ions 
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"1a, 18, Malformations In vitamin A deficiency. Abnormalide: 
of the eye (coloboms, fusion of cornea to cyelicis, filwosls of corpus 
vitreum), and horseshoe kidney. (Accotding to Rous et al, (e69),) 
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in the young from mothers deficient both in vitamin A 
and carotene. MM 
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oux et al. (26g) have seen 
Id be added that the fetus 
ic of the adult deficiency 
such as keratinization of mucous 
In other speci 
teratogenic ac 
observed. In h 
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a eer 


Ttabbit (206), the 

ficiency was also 

scems to have been 

cn tC question since 
id not noti 


.lcratogenic as was 
id and Martinet 


during the ist day 


pefatogeni¢ only from the 6th to 1 
Of malformation (1 13) also dey 
Jsually 50,000 1U/rat were given but + Te 
centration of the 
nly twice that of the control 


hypervitaminosis A Produced changes 
of the embryo followed by necrosis 


fevic in humans; unt! 
paste aeeenaneeeilnenns 


jterature, exe 


had taken heh 
ages of her preg: 
nancy 

to those observed experimental a 

“Tn vitro, an excess of vitamin A disturbs epidermal 


me. te. Malformations of exceaslve vitamin A aceording to the 
Gages of treatment, ing to Giroud and Mantinet (i103). 
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differentiation. Lawrence et al (191) have observed 

that in hamuters it produced a mucous inetaplasia of the ° 

epidermis similar to that observed in birds by Fell (87). 

It is the reverse of what he deficiency, 
Uitem'n 2. Vitamin D Appears necessary fi repro-_ 

duction. Its deficiency is not tnuly teratogeni¢: it induces 

only rickets in the cin Tyo, as in the young animal, 
Insko and Lyons (148) claimed that i 

hens induced the death of embryos; ace 

and Smith (35), its excess is also Poxious._ 

In foals, calves, and dogs, Chavanac (51) recorded the . 


ed in hypo- 
pocalcemia, stiffness, and spon- 
t calves appeared rachitie. 
h (120) found a Rreater tendency 
to rickets in rats born from mothers receiving a diet poor” 
in calcium and in vitamin D. a 
In the same animal and on a dict poor in calcium, 
Swanson and Iob (294) observed that the fetuses get 
nearly normal quantities of these substances, when vitae 
min Dis given. Warkany (323) after a long-continued def. 
Gicot dict observed that many fetuses were stillborn oF 
stunted. Moreover, he observed alterations of the skeleton 
dinabout 45%: Pronounced curving of the radius, ulna, 
tibia, and fibula, as well as an abnormal angulation of 
the ribs. The histological lesions were nevertheless some. 
what different from rickets. 
Vitamin D excess is robably not innocuous. In the 
. Clinic, abnormal aeTiation of the all ioies Rewborn_ 
was observed after unu 


In the rat, Evans and Bish 
E deficiency caused the de 
leading te embryonic 
Suomalainen (293) confirmed 
found that by muscular 
iles (47) found ocular 
trolental fibroplasia, 
from vitamin E defi- 
fat by Thomas and Cheng 
et al. (53). After a long-continued 
ng death of the em 
itamin F, they obtained a 
umbilical hernia, hydro- 


ft_palate, harclip, ectocardia, 


resulting 
the rat 


edn atte ies a th 
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and anomalies of the tail and other parts of the skeleton. 
Using the same technique Gortner and Ekwurtzel (118) 
did not observe such a severe teratogenic action on other 
strains, in fact, less than 5 % of the embrycs were abnor- 


mal. 
It has been noted that the Jevel_of vitamin E is low 


X Jn premature-newborn infants: Some hemolytic anemias 
., ". are related to this condition since they are corrected by 
9 mg of a-tocopherol according to Oski and Barness 
(237). In a strain of mice, vitamin E was able to suppress 
spontaneous abortion (173). 


Vitamin K.. Vitamin K 


Xe truly teratog 
ges were found in newborn ratg 


when vitamin K and lard were absent from the mother’s 
diet. Under the same corditions Hilber and Freisicderer 
(135) saw myocardial lesions. 

We murt note that experimentally dioxycoumarin, an 
antivitamin K, induces hemorrhagic lesions and abor- 
tions (162, 252), and in man the same results were ob- 
served (295, 306). 


\ INORGANIC suRSTANCES 


The inorganic substances also have §reat iniportance. 
Some facts have been known for a long time, but today 
many tuggestive ones are revealed. 

+ Calcium ang plosphorus. Calcium is very important for 
the gencral development and calcification of the skeleton. 
In the first stages of embryogenesis calcium is n 

(68). In birds, lack of calcium decreases the egg produc- 
tion (41). Wart et al. (127) observed that cows on a dict 
poor in calcium produced immature, stillborn fetuses. 
This was also roted by Hart and Steenbock (128) in the 
gow, and by Macomber (194), Cox and Imboden (64), 
and Bodansky ahd Duff (28) in the rat. 

If the calcium content of the dict is diminished, 
calcium and phosphorus disappear from the tissues of 
the mother rat (281) and additional calcium is required 
to prevent this, both in rats and humans. According to 

. Toverud and Toverud (307) the ossification of the human 
fetus is dependent on the dictary calcium and phosphorus 
Content. If it is low, rarcfaction of bones and teeth occurs 


(30). Vitamin B improves the condition. Injection into . 


the yolk sac and allantois of small doses of calcium pan- 
tothenate and calcium chloride induced malfermations 
notwithstanding that the calcium level in the plasma of 
the embryo was depressed (1 19). : 
Recently calcium and phosphorus transfer was meas- 
ured by radioisotopes: in the cow near term the transfer 
was, respectively, 5.3 g and 2 g/day. It was strongly 
increased during lactation (296). 
fagnesium. Sell et al. (279) have studied magnesium 
deficiency in the hen and concluded that 3° mg/day are 
necessary for good reproduction. Tufts and Greenberg 


FEDERATION PROCEEDINGS 


(312) claimed that magnesium requirements _ are 
connected with the calcium content of the food. With 
dict containing 0.87 mg calciun/100 ml, 5 mg 
Magnesium were necessary to ensure growth of the rat: 
female rats fed on this diet gave birth to young of normal 
weight. With the same magnesium content and 1.16 mg 
calcium/100 ml, they remained sterile. 

Excess magnesium did not have an adverse influence, 
even if the level was doubled in the mother’s tissues (161). 

Sodium. According to Miller (207) gestation is normal 
with 2 diet containing 0.45% of sodium, but the results 
are more satisfactory with 0.53 Se according to Olson and 
St. John (235). With a very low content (0.002 %) Orent- 
Keiles et al. (236) did not obtain normal pregnancies; 
only 2 rats out of 12 became Pregnant and they did not 
bring their littcrs to full term. Philips and Sundaram 
(242) studied physiological modifications resulting from 
sodium depletion of the mother. : 

Thus_a_minimuym amount of sodium is_ne e383 for 
ormal gestation. But sodium excess appears to be harm- 


ful_to the mother and to the fetus when we consider 
some clinical cases. a 
h_ humans, a dict poor in sodium chloride partially 
prevented Ryperteijsion or toxemia which veducey fhe 
placental flow by 2lteration of the spiral artcrics of ths 
myometrium (73). This condition results in small - 
nourished babies (g2). "> apa 
Potassium. With a very low potassium content in the 
diet, Nenpel and Schnsidt (131) obseeved in the rat that 
Sestation is possible but that the mothers did not bring 
up the young, often cating them at birth. 

Prolonged ingestion of potassium metabisulfite 
depresses the fertility of the rat, and decreases the number 
of young in the litt (56). 

Jron. Iron is necessary for the building of hemoglobin. 
A deficient diet, maintained during successive genera- 
tions induces a progressively anemic condition in the 
young rat (6). According to Reid and MacKintosh (259, 
258) and Napier and Edwards (219), however, the 
viability and the strength of the newborn are diminished 
by the mother's anemia. 

In humans Bothwell, Pribilla and Finck (31) claimed- 
a withdrawal of iron at the expense of the mother, w hose 
hematopoietic activity is reduced, 
~ Iron is accumulated from the 7th month by the human 
fetus and correlatively disappears out of the mother’s 
liver (11), 

Chanarin et al. (50) claimed that iron deficiency, 
facilitates “Tolie acid” < deficiency during 5 estation. 
Lowenstcia et al. "()84)-qucsiion this} lca_but believe 
that} 
tae Ewes fed on a dict deficient in Copper may give 
birth “to atnormal lambs (22, 75). The newborn are 
unable to stand or to obtain milk from their dams. Those 
that were able to get Up, ‘swayed and collapsed, and 
their hindquarters seemed paralyzed, thus the condition 
wat termed “swayback.” Widespread symmetrical 
degeneration was found in the white matter of the spinal 


‘cord. Innes (147) considered that the disorder seemed 


(| 


nancyenhanees an iron and folic acid ¢ deficiency. % 
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newborn (210). 
nd Steenbock (121) and Sinith (285) 
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often they devel d 2nd speech xi be ph pol 
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various co; Zine. Zinc is found in the egg, but Jitte is known about 
its importance. Nevertheless jt should not be overicoked 
1.45%, instead thar zine is a trace clement Associated with Many en- 
the i zymes: carbonic anhydrase, carboxvne Ptidase, several de. 
ase, 
153) demonstrated the influ- 


Feccnily studied ¢ 
On the other hand, cert iodine is also noxious, This various nutrients, 
i fn mammals 


at first on sucklj 


Nickel and cobalt, The requirements are not known, 
but the presence of these elements in so 


Me organs suggests 
that they must be Provided. 
trontium. Some alterations of dentin 
. epee peered 
. , 
the developing incisor i i 


ogencsis have been 
noted after injec ‘ 
fluoride dicts. 


tion of strontium (348). 
Ut it scems also that it plays a role the n Mincrali-_ ; 
zation of bones (287, 317), Gallup and Norris (96) have specific mild de§. 
observed that a nanganese-deficient diet in the hen is ciencies are sufficie lformationg. : 
followed by a high death Fate of the embr yo. Landauer All the facts te the necessity of 
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TABLE 2. Diet used for pregnant rat® 


ConsUtwents per vee g of Diet 
Three times alcohol-cxtracted casein 
Cystine 
Sucrose 
Margarine 
Peanut oJ 
Salt mixture (Hubbel ct al.) 
Cellulose 
Vitamin mixture 
Sulfamide 


r] 
i 
‘ 


=osauulos 


2X99 008 mae 


05 g of Vitemle Mistere Cootalned te mlflligrama per soo g of Diet 
Thiamine SS 
Riboflavia 
Pyridoxine 
Pantothenic acid 
Nicotinamide 
Biotin 
Vitamia K 
Vitamin By 
Inositol 
Pere-aminobenzole acid 
Vitamin EB 
Folic acid 
Ace added separately per 100 g of diet: - 
Choline 
Vitamin A 
Vitadone 
Vitamia D 


. ° Potier de Courey (ase). 


TABLE 3. Nutritional requixements of 


- 


Phosphorus 

Vitamin A (fatty solution) 
Vitamin D (fatty solution) 
Vitamin C (fatty solution 


(From Levine and Dann (879).) 


many substances for the embryo, but frequently do not 


: ive quantitative indications about their various require- 


ments. Many notions in the literature about requirements 
concern only the young and the adults and often we must 
cealcnlate those of embryos or of their mothers, 

The question is difficult. Many requirements are 
influenced by other Constituents of the diet: some increase 
and others diminish them. The importance of an equilib- 
rium stated by Randoin and Simonnet (254) many years 
ago must not be underestimated. 

We know overall that in the embryo the requirements 
by weight unit are larger than those of the adult, and that 
the requirements of a Pregnant female are sharply in- 
creased, 


X TAMLE 4. Nutritional requirements of women® 


Calories 

Protein, g 

Calcium, g 

Tron, eng 

Vitamin A, 1U 
m 

Nicotinic acid, 

Vitamin D, 1U ™ 


© National Research Couneil, 


TABLE 5, ss requirements of the cow® 


Vitamin A, IU 
Vitamin B,, me 
Vitamin B,, 
Vitamin P-P, mg 
Vitamin D, IU 


° FAO, 


' Birds. Since the stocking of nutrients for bird embryos 
is done in advance it is necessary that the fecding of the 
laying hen should be good. Usually a hen Bets 70-80 g 
food/day (carbohydrate 97-7 %, protein 2.8 %, and lipids 
0.7 %). During the laying period it must receive 324-195 
g- According to Byerly (46), there is a clear correlation 
between feeding and laying. as 

Afammals. We know some Correct diets used for expesi- 
ments on the pregnant rat (Table 2). 

Premature infants, more Precisely those born before 
term, can yicld instructive data Concerning the require- 


ments of the fetus: they are Constitutionally fetuses, and - 


‘we Can study the balance of the i 
4s in a free organism. Unfortu 
“premature,” 
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day. According to 
5 wg of vitamin 


level, and perhaps is under - 


has recently made 
Pregnant woman 


of abaormal nutritional ° 


repercussions 
balance concern the deficiencics. We have noted pre- 
viously some disturbances due to exeess; they sccm less 
frequent, but their results are similar to those of dcfi- 
elencics, : 


‘ may act by insufficiency of bullding mate- 
rial, by deficiency of encrgetic substances, and above all 
by enzymatic disturbances. The last factor must be 
envisaged especially for induction or differentiation proc- 
esses where the integrity of the cells is the most necessary. 

Since many cell enzymes derive from vitaming_jt je 
Pap serge lp et 

cell function in t way, In riboflavis iency, 
Miller et a (08) have demonstrated that, at the piserlg 
genic stage, there is a serious drop in flavin adenine 
nucleotide (FAD). For some deficiencies (folic acid: 
Yitamin Bys), nucleic acid disturbances may be involved. 

lterations_of chromosomes_with their sccondary,, 
Sesults may also be seen. For nicotinic scid deficiency 
there Peg acy of chromosomes according” to” 
Ingalls et af-(146). In riboflavin deficiency according to 
Warkany et al. (330) there is no modification of chromo- 
somes. In cases of excess the same hypothesis is possible. 
Tamboise and Tamboise (297) have not clearly seen 
abnormalitics with excess of vitamin A. 
Death of some diffcrentiating cells may also be a 
mechanism of abnormal development. 

The general deficiencies (restricted diets) may be 
followed by death of the embryo, its prematurity, or only 
by slowing its growth. By example, in our riboflavin 
deficiency the embryos achieve only four-fifths of their: 
normal weight. 
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hemorrhages, and necrosis. For 
Clency can induce necrotic Ever 
There are ako specific alterations. 
in cases ef vitamin deficiency some 
similar t those of the deficiency 
(vitamin D), keratinization of mucous 


min A), scorbutic lesions 
(vitamin K) (Fig. 5g). 


It is the same for sore mineral 
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influence the blood or the 


‘alformations. 


The moet frequently affected is the neural system, but 
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Teme Slat. Mel Avert 
ary, 
mG. 34. Miidness of teratogenic pantothenic acid deficiency, 
At the teratogenic stage _the drop in pantothenic acid_content in 
the maternal, liver is only; 57%. The sym coms of deficiency in the 
adult appear_only when the drop reac] 350% (According to 
Giroud et al, (tas).y ae 


importance: such was the 
in pigs or with vitamin E in lambs. 

In the laboratory, the frequency of malformations 
obtained in litters is very variable. Besides abnormal 
embryos, some may be dead, and others normal in the 
same litter. Often the frequency is about 39-40%, but 
under the same conditions only a few embryos may be 
abnormal; on the other hand the frequency may reach 
100%, the variation indicating the complexity of the 
Conditions. 

General_mildness of feratogeni¢ deficiency. Usually malfor- 
Mations are the result of slight deficiencies, 

In the case of vitamin A deficiency, Hale observed 


not themselves_ present Pathological signs. The same 
occurred in the cow (214). Davis and Madsen (70), by 
chemical testing, demonstrated that with a content of 
16 wg/s00 ce in plasma, there are no pathological symp- 
toms in the inother, while levels between 10 and 20 pg/ 
100 ce did not permit normal fetal development. How- 
ever, in the rat, according to Jackson and Kinsey (149) 
teratogenic deficiency was rather severe. But perhaps it 
» because Roux et al. (269) have always 

observed abnormalities by apparently normal mothers, 

In teratogenic folic acid deficiency the mothers ap 

ormal. Recently Potier de Courcy (250) confirmed by 
physiological and chemical testing that this teratogenic 


"deficiency did not modify the maternal organism. In 


some experiments small altcrations in the blood seem to 
have been noted. 

It is perhaps equally true for nicotinic acid 1 deficien 
in the chick produced by antagonists. iis 
lr Pantothenic _acid deficiency in the rat, Lefebvres 
(175) has found that disturbances in embryonic develop- 
.ment occur inuch before Pathological symptoms in the 
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thenic acid level is only 25%. At the teratogenic stage, 
Ce> the 10th day, this decrease is still smaller, reaching 


only 16%, 
In teratogenic 
showed no clinical 


Nevertheless, asa rule the types of malformations are 
variable in that they depend on the stage at which the 


deficiencies act. 


etc pa In the entire field of teratology the 
a 


Production of m 


ormations is limited to a definite stage 


of embryonic life: “the teratogenic stage” that cor. 
responds tc the organization period of the embryo, 
During that Period the type of malformation varies, 
according to the moment of the organization of each 
(126) that the sows Siving birth to abnormal Piglets did organ; before and after this teratogenic period there i 
*~ no gross malformation, We observe the same facts in 


the nutritional deficiencies. 


As regards the diet deficient in vitamin A in the sow, 
Hale (126) noted that malformations are determined 


Mother. The teratogenic action takes Place after 14~20 ~ 


days on a deficient diet, while the first disturbances in 
the adult are observed only after more than a month 
(Fig. 14). Giroud et al. (312) have chemically tested the 
pantothenic acid level in tissues of mothers giving birth 
to malformed young. At the end of Pregnancy on a 
pantothenic acid-deficient diet, the decrease in panto- 
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to Giroud et al, (t10)) 
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set ptdue m Bees ees 


JSenvery-Fevwery 1968 


before the goth day; if a supplement of vitamin A is 
given after this date the litter appears abnormal. 
Warkany et al. (327), in the rat deficient in riboflavin, 
have demonstrated that the feriod during which the _ 
embryo is susceptible to malformations (palate and 
limbs) is around the_13th day. With a riboflavin defi: 
ciency suppleinented by an antivitamin (galactoAlavin) 


other anomalics occurred but always from the 7th to the — 


13th day (221). a 

ith a folic acid deficiency, supplemented by anti- 
vitamin (X-methylfolic acid) Evans et al. (83, 84) ob- 
served between the 7th and 11th day cerebral and cardi- 
ovascular malformations and celosomia, and between. 
the Toth and ‘the 12th day only limb malformations.’ 
With aminopterin Baranov (16) noted no damage at the 
beginning of evolution, a very harinfvi effect between the 
§713th day, and again no damage in the Jater stages. 
“With a niacin antimctabolite Chamberlain and Nelson 
(49) noted—that the maximum teratogenic action 
occurred on the 5~10th days. 

In vitamin E deficiency, which they stopped at definite 
stages, Thoinas and Cheng (304) have observed that 
teratogenic action is limited to the teratogenic period 
and its results vary according to the definite stage at 
which the cessation of deficiency is achieved. 

In ynineral deficiencies it is the same. In manganese 
deficiency in the rat, Hurley (141) has seen that the ear’ 
defects occurred also in a critical period between the 


iqth and the 18th day. 


INTERACTIONS BRTWEEN NUTPITIONAL 

. AND GENETIC CONDITIONS 
' The physiological behavior of various specics is not 
the saine, including the problems of their nutrition. The 
requirements of mothers and their embryos may also be 
different. 

The hereditary patrimony reveals its important pres- 
ence in almost all tcratological experiments: -it must be 
the saine in the nutritional field. It can be assumed that 
a deficiency which has been proved to be teratogenic in 
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mo. 16, Interferences between requirements and genetic com 
ditions. Frequency of diaphragmatic hernia in vitamin A defi 
according to the straine of rat. (Modified from Andenen (8) 
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mie. 17. Frequency of open eye by galactoflavin (riboflavia 

antagonist) in various strains of mice, (Modified from Kalter and 

Warkany (157).) 


. 


a Certain specics or strain is not necessarily so in another. 
In man, this is also true for various individuals because 


. their constitutiors are not identical. 


Ascorbic acid is synthesized by most animals: their 
requirements are nil. A few species such as the human, 
monkey, and guinca pig do not synthesize it, thus it is 
necessary that it be given to them. 

Perhaps for some species nicotinic acid is synthesized 
from tryptophan and thus it is not necessary for them. 

With a dict deficient in vitamin A, Andersen (8) 
observed 0.9 % of diaphragmatic hernias in sats of the 
Long-Evans strain, and 19 % in the strain DH, which has 
& spontancous incidence of 2.7% (Fig. 16). This may 
indicate a special susceptibility to the malformation, 
such as was the case in some strains of mice treated with 
cortisone (93). But in other strains of mice there was no 
such increase in malforinations. According to Goldstein 
et al. (116), the embryos with cleft paiaie seem more 
resistant to death by 6-aminonicotinamide than the 
normal ones (Fig. 17). Kalter and Warkany (1 57) have 
also observed very different results in riboflavin defi- 
ciency according to the mouse strain: cleft palate, 2.8% 
in A strain and 41 % in DBA, syndactylia, 4.8% in DBA 
and 82.3 % in 129 strain. 

Landauer (165) has clearly correlated alterations such 
as malformations in chick embryos with the various 
requirements of some strains. Working with Creeper he 
has demonstrated that rickets in the embryo, from lack 
of vitamin D, was more severe and easier to obtain than 
with other strains. Studying the teratogenic action of 
boron, Landaucr (168) saw a disturbance in carbo- 
hydrate metabolism, correlated with secondary riboflavin 
deficiency, which was improved by the addition of 
riboflavin. Working on various strains of hens, he has 
seen that malformations were more frequent in the black 
hens which are known to require more riboflavin than 
others. 

‘On the other hand, Landauer (170) noted that micro- 
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Possessing anti- 

cs that 6-amino- 

nicoti Phenotypic action utilizing the same 
Pathways as the abnorinal gene. . 

Recently Hurley et al. (140, 142) have demonstrated 

that mangancse deficiency in rats, mice, and guinea pigs 

induces in the Offspring an ataxic Condition, charac- 

lack of equilibrium, and 

ibular portions of the inner 


itself, correcting the action 
is a good Possibility of find 
abnormalities induced by genes. 


. Recent observations on a botanical compound seem 
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VT IMAGINE cunt the main object of Session 


diy iy t& Uv to gain some idea of 


“where sod sow vitamin A is likely to act 


at the cellar lewet is. the normal animal. 
This involves s aurniber of complicate. 
issues, VOr wae thing, much of the work 
on ive bie lovivui action of this vitamin 
inevit...y ~ cceras the changes produced 
by ehicr .:. deficiency or its excess; we 
have to co:.-ier, therefore, how far data 
Obiaine: uncer these pathological condi- 
Lids oe relevant to the physiological action 
Gi siiatuin .A. Another difficulty is to de- 
tenning wic:her a given cellular effect is 
primary, s-condary, or perhaps occurs 
even ium ficr along a chain of reactions 
initiate.. by tre vitamin, 

In view c. the wide variety of scientific 
disxcip.cc.es .-presented at this mecting, I 
thous t: th. ic might help to set the stage 
fur sc s¢s::on, if I briefly recapitulated 
the fs.c facia now in our possession about 
the c..ccts of the vitamin on the living 
organisa. 

One of ..< carliest known functions of 
Vitiin.:. A. in the remodeliag of the 
Teena Te y ieficiency, the pattern of bone 
Tesory.2.on 2s Cisturbed, 6 that many bones 
become Brivzmally thick (1, 2); in the 
skull cud. -ricival column, this may have 
disastrous »scondary effects on the nervous 
aving to compression of the nerv- 
wip sule 2). Excess of vitamin A causes 
fowon of cartilage and_old_ bone (8); 

%G.ne annals Uiis may be so extensive 
ws 10 Cate spontancasis fractures, The 
lac Sir Ecward Mellanby and I (4) found 
that a sins liar effect could be produced 
by a sures: action of retinol on skcletal 
Hsgue, sine. “weal bone and cartilage, when 
grown in s.cdium containing added vita 
min A, uscerwent rapid and drastic re 
sorption, ia culture, Mypervitaminosis A 
sins not inhibie the i caanuaba of new 


SVste re 


eT 


tion, 


bone (2), however, and especially in thy 
cat (5) may Guuse a severely crippling hy- 
perostosis in many bones. 


Another important function of vitamin 


A, which also was discovered many years 
ago, is its role in controlling the differ. 
enuatioa of certain epithelia. In defi- 
ciney, the secretory epithelia of many 


.o.gans (6, 7), including those of the res 


piyatory tract and salivary and prostaie 
islands, ueguire an epidermoid keratinizag 
stYUCELTe. ‘Conversely, the adiministrativ: 
excess vitamin A inhibits the keratiniza- 
tion of some epithelia that normally 
rie ize (8, 9) and may transform then 

3:0 a ruucus-secreting tissue. This change 
a bees: produced in organ cultures of 
e:nbryonic chicken skin exposed to an cx- 
cess of vitamin A (10). 

=n Cambridge, Massachusetts, ‘it Pe 
hardly necessary for me to mention ic 
imporiance of vitamin A in vision; Prose.- 
sor Wald (11) and his. colleagues at Fir 
vard University have made a vast contribu- 
tion to our knowledge of the role of 
vitamin A in the synihesis of rhodopsin. 
Without the vitamin, the retina degencs- 
ates. 

Both hypd and hypervitaminosis A are 
terato.cnic (12). 

Fin:..ly, we have the recent discovery by 
Thom;son, Howell and Pitt (13), tha: 
vitamin A is essential for the normal fune- 
tional ‘ictivity of the reproductive system. 
Animals can be kept in good general 
health vy the substitution of vitami 


acid fur retingl_in their diet, but they fail 


tS produce young and become me compleely | 


blind. 

Pari J of this session deals with the influ. 
ence Gi vitum'p A on enzyme activity. It 
has been shown to affect the synthesis, 
secretion, and activity of a number of en- 
zymes. Not being a biochemist, I do not 
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know as much as I ought about Mis aspect 
of the subject and am Jooking forward to 
learning more from the four contributors 
to Part J. 

The only effect on enzymes with which 
T can claim to be at all familiar js thacion 
iysosonial hydrolases, which my colleagues 
wnd I have been studying for some years, 
In our early work on the effect of vitamin 
A on tissues grown in organ culture, 1] 
grew the explants on a Pplasma-embryo 
extract clot. I noticed that those exposed 
to the vitsumin always tiquefied_the clos 
much more than their paired controls, 
Obviously, this suggested that the vitamin 
had somehow increased the prote Ivtic ac. 
diviiy of the tissue, It occurred to John 
Dingle that possibly vitamin A was releas. 
ing lysosomal enzymes, including the; 
cathepsin, into the intercellular cnviron- 
ment. Further work showed his idea to be 
correct, and it was found that embryonic 
carulage (14)'and bone (15), grown in organ 
culuive in a fluid medium, released much 
"lore lysosomal acid protease into the me. 
ciun in the Presence of vitamin A than did 
their paired controls, Morcover, the total 
synthesis of ‘the cathepsin, i.e., the activity 
released into the medium plus the amount 
Yemuining in the explant at the end of the 
“xpcriment, was also considerably higher 
in the retinol-treated cultures, The acid 
provciuse, which also acts at a neutral pH, 
ithoush more slowly than at its acid pH 
optimum, appeared to be largely re. 
sponsible for the degradation of the 
cartilage matrix in retinol-treated ex. 
plants; it was found to digest the protein 
moiciy of the intercellular Protcin poly. 
sacchiujde and thus release polymeric 
chonuvoitin sulfate ((16) and unpublished 
results by A, J, Barrett). The role of this 


enzyme in bone resorption is not yct clear. 
a a very broad . 


Thus, vitamin A has 
*pectrum of biological effects, One of the 
questions that I think we Ought to discuss, 
is whether they can all be explained on a 


e 


‘hembers of our 


‘ 


ve 
Ns 


unitary hypothesis, My colleagues and } 
think that this is noe impossible, eee 
In Part 2 of this Session, we arc to heur 
from Dr. Rocls and Dr. Lucy abour the 
action of vitamin A on hiological mem. 
branes, The first hint thue vitamin A 
might be a membrane-uctive substance 
cume from a study by John ingle (17), 
He was searching for the mechanisn 
whereby the vitamin s0 greatly inereay.g 
the extracellular release of lysosomal _en. 
zyines from our cartilage explants. He 
Prepared, from rat liver, a subcellula; 
fraction that was rich in lysosomes; to this 
Preparation, vitamin A was added with the 
result that the bound hydrolases were rap 
idly released from the lysosomal particles, 
This effect’ must be due to structurs] 
changes at the molecular level, becaus. 
when thin sections of the pellet were ¢::. 
amined in the electron microscops by 
Audrey Glauert, although the electro:, 
density was slighuy reduced, the Aen. | 
branes of the vitamin A-treated lyscsomes 
appeured to be intact (18). Further ex. 
periments by Dingle, Lucy, snd other 
Laboratory (for review 
sce 18) demonstrated that the vitamin was 
hemolytic, caused swelling of isolated 
mitochondria, and when applied to intas; 
cells altered all their membrane sys:em«, 
including those of the endoplasmic retic.:. 
Jum and Golgi, and the plasma membrane. 
So is it conceivable that the multifarious 
effects of retino} may prove to be due to 
the vitamin’s membrane-active Properties 
and that the sites of its normal Physiclogi- 
cal action may be the. mem Fane systems _ 
of the cell? I wil} leave you with this 
thought to pull to Pieces! Seige = 
‘Honor B. Feu il ena no 
Strangeways Research Laboratory 
| Cambridge, England — = 
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TeratogenicT fects of Hy pervitaminusis A in the Hammicr and the Guinea 
Pig. Romess, Jane F. 19901 Posicol. Appl. Pharmacol, 6, 88.99, The 
JVeratezcnic cflerts rtsulting fron hypervitaminenins A in the harmter and 
the puinca pig were studied. Hanrstcrs were treated with 75,0) or 40),000 
USP units of vitamun A palmate per Adograin body werght as wngle or 
multiple oral doves dunng orpamigencen. Guines pugs were treated with 
200,000 USP unity bg as 8 single oral dine during OM ganugens. There dimes 
were up tw several hundred tome the minimum daily requirement of cach 
tpevion, Sumilar, hut not wecntnal, soft tue and skeletal anomahes, 
imluding the following, were produced in cach APOE: exencephaly, 
brachygnathia. apnathia and ether head malformations, shortened, cuned 
kee. with in.paited of absent eae tiwatnn of the Tughevt deripe levels, fused 
Ti, synna bela, wet tun and heart and gemtiutimary system 
arwnalien The penentape of fetal resorption. and the nature of the 
Bronuhe depended on the time of adminntration and the dene admin- 
fered Multiple a ioinistration in the hamster at the hoyher dmage levels 
produced @ Dighcr level of fetal montatny than did any levet af ungie 
administration. Average fetal weight in the hamster fetuses was decreased by 
- ar bevel. Fetal gromth in the guinca pig was not aflected by 
vitamin 


The teratogenic effects of hy persitaminesis A in laboratory animals are well docw 
gnented (Cohlan, 1983, 1984: Deuschie ef of. 1999: Kalter and Warkany, 1961; Giroud 
and Martinet. 1955; Mizutani es of. 1966). Most of these studies were with fats, mice, 
and rabbits. Few were performed witheither guinea Pigs (Giroud and Martinet, 19593.b) 
* of hamsters (Marin-Paditla and Ferm, 1965). 

Since previous studies reported anomalies of several hoady systems, we treated 
hamsters and guinea pigs on several different days during Ofganngenesis in an atiemps 
pel hth le i of teratogenic effects of hy pervitaminonis A. Our studies confiem 
and expand the obvervations reported by Gite i 
vr bnpempoann tie he by wud and Martinet (19592,b) and Maria 


METHODS AND MATERIALS 


Golden Syrian hamsters, Afesocricciws auratus. and Coulson strain puinca pig. 
Carla porcellus, wcre used. The hamsters were shipped to our Isboratories by the 


* Presem addrew: Hoflman-La Roche, Inc. Nutley, New Jersey 07100. 
os 
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commercial supplier the second day afler breeding. The guinea pigs were mated ia our 
faburatory. The first day ufier mating was considered as day 0 uf gevistion. 

Vitamin A was administered as indi idual eral doves dusing the period of organc- 
genesis. A water-dispersible sitamin A palmitate,? 230,000 USP unity'g, was suspended 
we distilled water. The varnous concentrations were prepared to give s uniform done 

_ volume of 1 mi/100 ¢ body weight. Control animal recewed sehicte by intubation. 

In the hamster, single administration was un day 7, 8, 9, of 10 of pevtation; mukipte 
adminisiration was from days 6 through 10. On cach of dayr 14 through 20 of geviation, 
different groups of guineas pigs were given single dnes. 

On day 15 of pregnancy, the hamviers were billed with carbon dicnide. The uterus 
was opened and examined for the preenwe of re pion siter; the fetuses were remmed, 
acighed, and examined for external malformations. The viability of the living feruws 
was checked by placing them in a chicken hatching incubator fur 6 hours. Mont guines 
pigs wore allhwed to deliver nacntally since they do net cannihalise their young. A few 
were sacrificed af SO days af gestation. All pum were weighed at birth and examined 
for external malformations. In addition, fetuses showing grome abnormalities were 
examined further for hone defects by finution in alvohal, clearing. and staining in 
Alizatin ted and for internal malformations with the aid of o dimccting microscope 
when necessary. 

Both fetuses dying in Late embryonic life and resorption sites weie counted as dead 
fetuses. This number as a fraction of the total number of implaatatiwn sites is the percent 
fetal mortality. The perventage of tevata was based on the Wal number of fetuses bn 
which abnormalities could he recopnised, that is, both living otal dead fetures. 

Average fetat weight fiw the hamster fcruses was calculated hy ttaling hitcr werghts 
and dividing by she taal number of fetuses, Newhorn guinea pige were weighed ine 

« driduclly. and the acights were averaged. Average individual fetal wcights rather thas 
Vater weights are repamted vince the former pencrally reflect me accurately the size and 
conduum of the fetuses. Total weight varies more aya function of the number of fctures 
than of thesis individual sive, 

* RESULTS 


Komsters 

Tables : and 2 summarize the results of vitamin A administration to the hamuers, 

Head avomalict “ere common as a tevult of maternal tteatment on day 7. The pale 
feturcs ofte « had severe excacephaly. Diners had besser degters of the same anomaly ; ia 
afew the cacncephaly was so slight that only a cutaneous pimple in the center of the 
Ganium coisid be nen on grams casmination. Microcephaly. 8 shortening of the pre~ 
maalae, maillec, etd or mandibles, and a few cases of h; Grace phalus are included in 
the category of malformed heads. At 300,000 USP units bg. severe shortening of the 
Jaws occurred, particularly of the kiwer jae (agnathial. Mavillomandibular ankylosis 
was presen’ in thove fetus, and the oral opening was small of nonenivient. Lower doses 
Senerally producrd preatee shortening of the upper ja's than of the lower jaw (Fig. 1). 

Associated witis the arrested development of the head. the orbital cavity was shallow, 
Many fctirwcs had unilateral or bilateral bulging cy ex not covered by lids (exophthalmos), 
and in a fow casen, the cyes were small or absent, 

* Resteiti: cal Bien hemical Corpaeetun, Cleveland, Oia. 
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7 
4 
$ 
4 
7 
$ 
Bb 
3 
13 
13 
3 
3 
3 
8 
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Fac. §. Hamcters, Alvar ted tam Top fet: Macernal treatment teva! intubetnn) «ith viene | 


A C00.000 USP unris bg body serght! on day 7 of geviation, rewhing m shonensd mavilior and 
mandities. Lower ictus: Comet. 


Malformations from treatment on day 7 cccuered from dunes as tow a8 100,000 USE 
wnits/Lg. None appeared in the litters of the 4 animals treated at 75.000 USP unite hg. 

A high peicemaze of fetuses had short of cured tails as a result of treatinent & 
200,000 400.1COUSPunsts bg on dzs ®. The highest dove on day 7, 400.000 USP umets 1g. 
but now the lower dunes, also cated shortened tails. When cadiographed uf stained wi? 
Alizarin ted. these fetuses with shortened tails had irregular lumbar, sacral, and of 
coccypeal verichrae. Lvamination of internal organs showed that the kidneys wert 
often small, atsent. or hydronephrotic. Scveral fetuses had imperforate anus: onc atthe ” 
highest treatment level had an ectopec heart. } 

Treatment on day 9 produced a hegh percentage of leg defects (Figs. 2 and 3). Thew 
included shart, thickened begs (mncrometial. furcd and mivsing toes (ectradacty lish 
and abnormal fixation of jomnis (anthrogr posh. The most severety affected animal 
tacked any calcification centers in either the fiwe or hind limb, All limb anomalies art 
reported trecther in Table 2. As at day 8. a level of 200,000 USP unis/hg produced 
Bnomalies but 100,00 USP units Le did not. 

Leg anomalies from treatment on day 10 were confine; 10 shortened fect and tet 
except for 6 fetuses which abo had arth: ogry posis in one oF nwee begs 
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At the highest single dose, 400,000 USP units /kg, mont of the fetuses from treatment at 
any given day were extremely malformed and small and did not survive for the 6-hour 
period, Usually these fetuses and those from other levels and days of adminisiration 
which dicd in the incubator did #0 within the first hour. When they were examined 
internally with the aid of a drysecting microscope, heart and preat vessel anomalics were 
found; these included underdevelopment of the icft aurnle and ventricle, and truncus 
artcricsis in the most severe cases. Several feiuses were stillborn from mothers dused os 
day 7. No respiratory movements cauld be clvited, although from their condition they 
apparently had not deen dead in utero. In mrent cares they were extremely pale and often 
edematous. 

Litters from mothers treated $ times (days 6-10) had a large percentage of sesorptions. 
Those fetuses living until term had a wide variety of both eaternal and internal defects 
but did not have beg snomalicn. Many of these treated at 150,000 or 200,000 USP 
wnits/hp'day died in the incubator and had heart anomalics. Few terata resulted from 
treatment with 75,000 of 100,000 USP units/hg/dvy. 


Guleca Pigs ° . 

Table 3shows the results of vitami: A administration to guinea pigs. Litters sacrificed 
81 $0 days of gestation were similar to those delivered at term but, to amplify tabulatios 
of data, are not included; however, resulis are discussed when applicable. 


TABLE 3 


Eres. 0e Hyrravnaurns A ow Frtat Diviorwins on tee Gueda Po 
(Onat. Armarnstaataay 
Ne malformed; Av. 
Dayof Noof tal Na feral 
treatment hiters fetuses weight 


4 LTE 


Anomalies found * 
95.8 Agnathia, crooked incisors, malformed panna, 
+ ataria, hypoplastic tympancc bullac, micvo 
cephaly 
93.0 Agnathia, crnoled inchor, malformed pinna, 
hypoptast: tympanic bullae, utcrus uni 
comin, mictewephaly, atasia, atresia ani 
83.2 Short tails, shallow thoracic cavity, malformed 
pinna, hyperdontia, mecracephaly, agnatha, 
aynetia, siesta 
83.3 Short tails (missing coceypeal verichrach 
agnathe 
98.8 Arihrogryrnis hind legs—shoriened crooked 
‘ titee end fibute 
$ 5/14 96.4 Shan howed front legs, dicheiria and se 
éac%y ha of front tocs 
4 ons 89.6 Short and bowed front and hind iegs 
Conc 8 9 12% 88.9 Conjoined tuins 


* Treatmeet im ali coves wes 200,00 USP urd tg. 
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Most pups from mothers treated on day 14 had microcephaly, mictognathia, of ever 
apnathia (Figs. 4 and $). Their upper molar were lung and malpmitioned. The animats 
which were fers seriously affected had both upper and lower incisors, but these tosth 
were ale malpnsitioned, and all hed mictontomia. Radiwgrapin of the head showed 
pailateral of tilateral hypoplastic of abnt tympanic bullze. The severely affected 
animats were all stillborn; one with an apparently normal head wav atanic, 

The cateinal car of pinnae of some pum were small and/or nowhed in the outer 
margin, rather than being round and full avin the normal guinea pig. This anomaly was 


A Ma : 
ry < oe 
Ne cn goo eG 
8 Ne 8 a 
Fro. 4. Vheads of guinca pig, stamed wah Alvan eed, Top: Maternal treatment on day 03 of 
prutaticn, revuiing m mavtognatina, malpradtnuerd wm nor, and chongated and narrow head. ‘Fauna | 
Concrat, \e 


present in stillborn animals as well as in some which were apparently otherwhe normal 
at birth, In same litters sacrifwed at $0 days cf ¢-tation, fetuses had open eyes. Nora» 
ally the eyes are still closed at this teme. The head anomalies revuhing from administs- 
ation on day 1$ were generally similar to there from day 14. in addition, one animal bad 
vterus unicornis; ansther had atresia ani with the urogenital tract aho ending blindly. 

Following adinfuntration on day 16, fewer pups had agnathia: however. ont ned 
synctis combined with agnathia. The lary na and pharyas opened to the exterior on the 
Sentral side of the neck between the ears. One fetus had hyperdontia (a third tower 
incisor), and 2 others with short tails had missing coceygeal vertebrae. 

After treatment on day 17, soune of the same defects were present; 7 fetuses from one 
litter had agnathia, and 3 in another had short tail. Their shortened tails were net 
auaciated with atresia ani as with some of the hamoters; thus viability wes eet 
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sfosied arf the mirth sree nex malty. A fates from a firwex sucificed at 50 days had, : : 
Srieweng bef Lainey ond a heart encaly. i Follow ing treatment on day 20, all fctuws in 2 litters had shortening and bowing of 
| the radius and vina; in 2 other litters the tibia and fibula were shoriencd and the tarcel 
peat twinted. 


fetal growth was me: affected by viiamin A. The average fetal weights at birth for the 


1 kcrunerin the IV tread litters and that of the 230 feiuses in the $9 control litters were 
both 89 8. 


Pe. Se Rade ayagte of puma peg band Mrtnns! weatmcm on Bay 0S, vradiung om ngnedine 
Bhrems of ty puna Dreles, “ 


Fw. 6. Guinea pig Corchents sismed sith Arann eed. Left: Maternal tresumest on dey 38 of 
Oration, rewuling m shertcning and bua ing of tadeus am! ving. Right: Contest. 


Fu. Sm RK of ‘ 9 

atieerey® of Neat of eontedl guineas wig. ©. The times of administration ia tiuth the hamster and the guinea pig were chen to 
. colacide with the mnt critical period in orgamugencis. Days 7, 8. a 9 were chown for 
Two pum from administration on day 1K had shoriened. bowed tigias and fibulas and Single, and 6 through 10 for multiple, adminniration in the hamuer since implantation 
Brtteogry punds of the tareal joint. Another sacrificed at $0 days had an eatremety by po- in the hamster is completed on day $ and the mot rapid perind of onganopeneris fe 
Plastic leit ovary and uterus. | 78S days (Boyer, 1948). 1ays 14-30 were chosen for treatment in the guinea pig to 

Ava result of trcaiment on day 19. 3 pups from onc litter had thickening awl bow ing Com ide with days of comparable or gancgencris in the hamoter (Scott, 1937). 
Of the radius and ulna (1 ig. 6). Taw animals on another biter had fusion of digas 3and4 A wide variety of vixcerat and shelctal abnormalities were produced in buth species. 
Of the front feet (sy ndacty ha}. Dicheiria or parial duplication of dign 2wasabopreset ' Cranial anomalies and shortened maaillze were common in the hannier but were 
in one foot. . Rot found in the guinca pig. Agnathia, however, was much more pronounced ia the 
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guinea pig. Hamser development st term was not complete gaough to demomuny 
posuble eflects on the tympanic bullae. Extreme macromelia was produced im the 
harict, but only at éonex bipher than thene used in the ruinca peg. 

The incidence of fetal deaths in the hamvicr war dependent upon both devetup. 
mental stage and dome administered. Fetal death and Fetormiwon were high om the 
hamster after administrateon at Gav 7, at the highest bevel of administration. on day 8, 
and after multiple administration tdays 6-10). The inesdence of feral death on the feines 
Pics is aot Lnown since a sufficrent number of mudthers were not sactiliced for examia- 
ation of the uterus and marics for Tewrmion sites and number of corpora lutea. It» 
Bot tihety that vitamin A caved fetal death on the Puinea pig hitters carricd 10 term since 
treated Witers aseraged 3.6 fetures per biter and the contin averaged 3. fetwes rey 
Matter. However. snamin A may have cauved carly fetal death. Some of the i): 
treatment wocurred before normal estrous fecyeting. and exen a proumpine diag 
fois of pregnancy eould not he made at thn time. Lethahty tn all the embryos could 
have been determined only by sactilicinge the mothers soon after treatment or b& 
COMPSHNE PregNancy tates ine large numb of treated and control Fuinca gage. i 

There studies demonvirate fin contrau to Marin-Padilla and erm. 1965) that 
additional abnormalities in hamsen can he Produced and recopnired. both by wing 
higher doves and by using more methods of cramimatun of fully developed term 


hamver fetuses. Extremely retarded timh and tail development. imperforate ani 
bydronephroms and ancphrosis. and 2 comparnon of fetal viabiluy were not reported 
Previously, 

Giroud and Maninct (1959a.h) treated their ruinea mes on dass 12-14 of peuative 
and teporicd 3 tarps numher of abortions on femerpscns, in adurtiwn to firsuse of the 
manditic and tufid tonpue. The Present studios with adminraration Sigh. fater 
Fevtation demomsirated more severe mandstular abnormahties, smote. ama or 


abment tympanic bullec. and limb abnor maliies, Although nt was not the p opune of this 
Study 10 establish @ minimum teratogenic level of vitamin A. some com arnon of the 
Goner used and the eflects which resulted with that of the vitamin A requirement in of 
imerod. A satifactors level of stamin A to Meet the nutritional requirements of the 
hamuer it reported as 1200 FU! UR) g of dict (NAS—NRKC, 19625, If we assume that the 
hamster consumes lO gef fond Per day. his daily requirement is FOIL EE OO1U Lgofthe 
Body weipht is 1002). The dove of 75,000 USP units he for $ days is probably near the 
Minimum teratogenic dose for the hamster. This is (0 times the daily requirement, and 
the dose of 200.000 USP units needed to Produce severe anomalies is 1$0- 160 umes the 
daily requirement. 

Benticy and Morgan (1945) stated that the shramin A requirement of the guinea pig 
was 2 mg kg of body wcight when fish liver Oi] was the source of the vitamin. Gil ef of. 
(1968) stated that the minimum Fequirement was 0.2 mg of vitamin A per animal on the 
basis of 0g of fond consumed Gaity. Since the latter studs used crystalline retingl 
palmitate as a source of vitamin A. we can assume that the requirement was 300 1U per 
animal daily. If we further take 400 F avan avctape weight for their animals. then the 
requircinens m 7IO1L ke. Anomalies in Fuinea Megs were produced in this study withs 
Gone of 200,000 IL! kg oF nearly 300 umes the datly requirement, 

The method of action of hypenitaminois A in Producing teratogenesis is not ! 
Known, Direct action of vitamin A on the fetus, excessive production of adrenocortical * 
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hormone, and fall in blond concentration of thyroid hormone have heen comidered 
tTakeboshi, 1964), Kochhar (196%) beheved thet at leat the cephalic malformations 
camed by vitamin A occurred from dosrupted inductive relation between epithelium and 
mesoderm. In his studies of rat embryos treated on days 10, 11, and "2 of geviation, 
decreased rates of thy midine-"H uptake inhibited cet protiferation in liver, some 
he areas, shin, and the trigeminal nuclews. : 
gore cellular level. vitamin A may effect change by Participating in cellular mete- 
holism. of the adverse effects may he caused by phy sical characterniinn of the shamian on 
the developenp cells. Lucy (190-4) stated that excesuve titarain A in ritre on embry onig 
chick limb hone rudiments changed membrane permeability by affecting the lipo- 
protein membrane of cell organciies. 


REFERCWCES 


Bruny. LS. and Mumuas, A.B. (1943). Vinsmia A end carotene in the nutritiun of the 
nes peg. J. Nate. 30, 199-168. : : 

Brie C Calvan, ee 
to the ma, teviatory chanach. J. | : -™ 

Coma S 0 s1¥8%) § scene ontake of vtanun A an 8 come ef congemial snomahes in the 
tat. Sowreery 117. $35- 926. ; 

Conn an. SG. c19S44.¢ Srl ee a ett Sere enne ee 
Ad epnarcy. Pedmstics 82, S$ S67. 

prcaig M.. Gun. 5.9., and Wankasy, 3. (1950) Anastyw sf an anomakws acwle- 
dentofaca!l paitern in nes hora rate produced by maternal hy pervitanunoss A. J. fienial 

. BB. 2AY-9SS, 

as Banas G. M. Trern, 3. and Macunsay, G. (1088) Viisri= A requirement of the 
guince mug. J. Net, 96, 399-3aS. : : 

Gone Ant Mamiinst. M 1195S). MaNurmations embry cansives pas hy pervitamino A, 
Arch Frame. Peshat, 12, 392-4, 

Gann, payed Mantisrt, AF (199¢—0, arta gaat A chez be sat, le 
tourn, be cahase et be lagen Asch. Prane. Prat, 073, 

Guan: A. and Maatisey, MM. (19S0P) Evtenwon a plewcurs epoure de arene 
malfiormataons embry onnaires par hy perv itanmmune A. C camyne, Revel, Sur. Bul 8, 31 3 

Karten, Me and Wanwass, 3. C1960) P aperumental predactan of congenital ag yp aente 
9 Mtraim of inbred mae by maternal caiment enh hyper staminow A. Am. J. Puthel. 
1-31. : : 

x D. M. (1968) Studies of vitamin A-induced teratopencsn: effects on cot yous 
papers and eps Nethum and on menrporainn of H' thy maine. Tesertabys 4 299-310, 

Lecy. 3. A C1984) Membrane permeability and the contre! ef celelar function. Neel. Cancer 
bast. Momegraph (3. 
Minna a. M.S beme, V. 1 C1989). Samue necro and developmental —— 
BlioMm induced by vnamin A inthe goiden hamster. J. Lowhe ved. bape, Murphed. 13,9 ye 
Misetast MO Deana. T..and Karim ana, K. 019661. Eflect of hy perv danunenis A on the ce 
Of several spec’ of redcats, with epoca! reference to maliormatwun of the extrema 
Fapan I. Corner, AV (31, 144-133. 5% i 
NAS -NRC (1902). Nutrecat Requirements of Laborsicry Animah. Nad. Acad. Sel,—Nedt. 
Kes. ( vecar il, Publ, 998. f f 

Scory, J. P1937). The embryology af the guinea pig: 1. Tate of normal development, Aa. J, 
Anat. 6@, 997-432. 

Tats cune, S. (19641 The mechanism of vitamin A induced teratogeneis. J. Embryol, Expat, 
Morphol. 12, 203-275, 


A SENRURO Oey CTC RTOMMEMHY ma parMix cTaawax Cepeweunecty m soRpocM Tepanne cre 
Garon Oanceod wives ann newman. inom, Antoped. auct. nana. M., 1964 —H ae aw em wC M.. 
Souwnna i M. Kysuegoes CM U an. Nonycunrermeckse npoxsnoanue penn. 


unscwna M1908 ¢ 16. —Towxsas K. Tow ac.e. 58 — Bitte L., Gyoyyszereink, 1964, 
= We 193.—Biecner T.E. Edear W.M. Melville A.A. ct al. Brit. med. 
3., 136, wv. i, p. 1372.—Biray RE, Boe R.W.. Johnson W L.. Am Jd. 
Osstet. Gynec. 16, v. %, p. 938 —~Hetimeyer W.. Plempel M, Ot- 
fea M, Antidiotiha — Fibei » 


Fibel. Stuttgart, 1969.— Krieger H.. trahientherapie, 1960, 
Be ll, S %3.—Me Aulay M 


stet. Gynee.. 1906, v. Sp, %3.—Moyo F.. Thorndike V., Ibid., 1962, v &, 
1774 —Snceeck J placenta humaine. Paris, prem bk ate 
essis KR. B an: Symposium the Embryopathic Activily of Drugs. London, 1965, p- 


flecryanse 14/11 1970 fr. 


FEATURES PECULIAR TO TRANSPLACENTAL TRANSITION OF SEMISYNTHETIC 
PENICILLIN — OXACILLIN 


re? 
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Aa. P. Kiryawetenkor, $.D. Voropecve, ¥, G Kurdyutova * . 
Tre transplacental passace of oxacillin was stud 

Citioms, In sinzie intramuscular injection of 500 ms 

tent in the ictal Slood during the firat hour alter avr was several tices lesser than 

in the maternal tiood J end 6 hours alter injection of th ¢ its level in the ictal blood 

:d4 pot essentially differ from that im the maternal blood. Dur: 4 Une whole period of investi- 

Ration (6 hours) the content of exacillin corresponded to the minima! bacteriostatic elfect 

8G respect to most strains cf staphylococci. In caperiments the suthors studied the peculiari- 

tits Of iransplicenta! possace in the stage of placentation (i3th day of pregnancy) and the 

state of formaiion of 3 mature placenta 120th day of pregnancy). At the end of areenanew «a. ~—~ - 

the permeability oi the placenta to pveritise 4-- j 
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HAICLIICCA DB TENCIHE BCC MINN MUDOTHOLO OTANNHA OT HOPUIALNDX ®AMuBOT 
BBX. DTU OTANTHA CUILETEALCTHYIOT O BOINNKUONCKNN CKPMTOFO oprannsec- 

Koro. GywKUHONAIBUGTO HAM GHoxuMENeCKOTO NOpoKa. 
C tie.1m10 secnponspeacnun y KpiucAT ¢yuKuNONaALNOTO NOPOK MOsra, npo 
ABAAMUACTOCA B HAPyUICNH NoDelcHuR, HWENUTUBATIH TepaTorennoe AchctaHe 
MHCAOTANA, KACPHINH] HW BHTIuIH| A, T. €. Tex npenapatos, ApH onerenHM 
KOTOPUX, COrAacHoO aNTepatypiuim Aauuwe (Jackson: A. O. Hlarancon: 
E. A. Toxnases: A.M. Yepnyx TH. Arencanapos. m ap.). ypoxctsa 
mosra BeTpeNaorca wanGoace yacro. ILaa toro sto6u nopoxn pa3zautum Mosra 
HE OCAGMUAINCE BOINNRHOGCHNEM NOPOKOS PIIBNTHR APyruxX ODrancs, upenapa- 
Ths BROWN KpLWCaM Ha O-it Actte Gepemenuoct, WTO COOTBETCTByeT KEIN w4eCKO- 
sy Mepnory passuTuR so3ra Kpuicat (tlamburger). Stor zeus noGnan Tanne ¥ 
hoTouy, 810, no asus A.M. Yepuyxa a DL. Anckeawapona, 8 Taxme 
A. 1]. AisSang, wwenno ma nero npuxorites mancumasLean TepaTorcunan 
SKTHBHOCTE MiteAOCaHa WH XAOPKANNa. Cherie CNEpTerAbHLe SOI Apenspatos 
ONPCACRAAN 3 BIPOC AMX HNTIAKTHLEX KPLCUX (CamKAX) NO weTAty, NPerIOMEH- 

nouy B. 5. Nposoposcxum. 

Tax Ae, KAR MB ONLITAX APyrix aBTOPOR, MaCAIRNLe PacTBOpU MINEAOCahA 


M XAOPUANNA BROLHAM BHYTEYo Nee: 2 2 SuTaKUsSA — B meayson. Tow 


ONpeRcacunn MAKCHMATLIOA TepaToreniOA AOI KPLIC, NOAyNcUAX TenaTo 
rev, ha 18-4 acu, Gepeneinnoctn 3aGnaanu H RACAM WIatewaae. Ma ppeqouHn 
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2... 166 uh, pe 137.—~Bray RE. Boe R.W., Johnson W.L., Am. J. 
Cortet. Gynec. 186, +. 96, p. 938. —Heilmeyer W.. Plempe! M, Ot 
fen M, Artidiotika — Fidel. Stuttgart, 1969.—Krie gerit., Stronlentherapie, 1960, 
Be 111, $. %3.—Me Aulay MA. Abou-Sabe M, CharlesG., Am. J. Ob 
atet. Gynee.. 1966, v. Sa. p. $43. ~ Moya F.. Thorndike V., Toid., 1962, v. 84, 
f: 1778 —Snmoeck J.. La placenta humaine. Paris, 1958.—Tuchmann-Du 
essis H. B un.: Symposium the Embryopathic Activity of Drugs. London, 1965, p. 
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FEATURES PECULIAR TO TRANSPLACENTAL TRANSITION OF SEMISYNTHETIC 
PENICILLIN —OXACILLIN - 


A. P. Kityuwhentox, $.D. Veropoer, V.C Kurdyukoves 


The transplocental pas-aze of oxacillin was studied in clinical and experimental con- 
ditions, In single intromincular jayeetion of 500 mz of the preparation to parturients its con- 
feat in the fetal blood duriny the first hour after acininistration was several lines lesser than 
St M3) blood Band 6 hours aiter injection of Wie antibiotic its level in the fetal blood 
esentially cilfer fram that in ioe maternal biocd. Daring the whole period of invest- 
Beton (G hours) the content of oases fin ccrresponded to the sunimai barteriostatic effect 
1A fespert lo most strains of staphylococci. In eaperiments the authors studied the peculiari- 
ties of transplacental pasage in the staz- of placentation (3th day of preznamy} and the 
Mate of ferination of a mature placenta (.%h day of pregnancy}. At the end of pregnancy 
the permeabilily of the plaventa to oxacill.n decreed sonew hat, 
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& WMPOTA TEPATOTEHHOFO AEACTRHR KAK NOXABATEMb ONACHOCTH 
APMMENENHA AEKAPCTHEHHOLO BELUECTBA BO BPEMSA GEPEMEMHOCTH 


B. B. Nposoposcxun, B. 6. Masaxcecrud 


Leutparunan way 6i.o-uecaeronstesLcKan AaGopatcpaa Jloumurpaacxore Ne Auatpe 
SN aGlS MEAD EMEC KOTO mmTHTyts 


Npofinewe spomzcumex nopoxoe PISBuTHA C KARAM fotoM yAenNeTCR 
Bee Corwiuce BHisscsuue. Tepatorcunomy acicrame ackapermenniax bpenaparos 
HOCKRUCUM MiOFONCAeHI PaGotw (B. 14. Gorasmuna; ALA. Netpos-Mac- 
fanca w M.A. Penna, Karnoishy; Tuchmann-Duplessis; “fe, Ap.). 

Osuing na mnsoTuN novoraoT BUxBHTL npenapatia, * a MOryT npe|a- 
CT2PINT ONICHGCIb Take HW OLIN YeaOBeRA. Norn exaiins cxnd HeEpeuoc Jos 

fe Helony ctu, SURO, STO K BCU Ina OvIsaRNUACR anTHuniiaut Tepsature- 
HANA B SRCRODENCHTE, My2cHO OTHOCUTKCER ¢ GOALUIOA OCTOPOANOCTLIO HB 
Kanne. Oauano 30 mactonzero BPeaciis UCT MAACANK KPUTEPEB, NO KOTO 
Pum CTenene TeparoremiocTa RApenapata MoKHO Geno Gia oUCHNTe oGwen- 
TUSu0, 

B aanucé paore » xayectee noxa.ateas onacnecta Apaucneuna aexaper- 
SCuHOTO APCuapaTs BO sheum GepesenuiseTH pexouenayetes unacKe um pore 
TOPSOFCNLOTO AcicTNR (MiupaTa Tepatorcnnore ACiCTBUN), BlaKICAREWOA aK 
OTHE ue MAKCIALIBHOH TepaTUreMnoh rows K aumuMaaunod. [oa maxcu. 
SALILNGA TPs roreHn08] AOIOi NGAPatyNenactee Taka 4033, Upit Oke Achim KETO* 
Poa Gopecuities akeOreN BuLutkact MIRCHALILNOe KOANICCIDS ypaacTs 
HOU SHAM IROM AGTaw fee petopGunl naaios. Poy MUHNMOALON DURpa- 
3)s0CK 10H TSKGR 2033, NPM LS=ZeHUM ROTOPOS y poruBweroca BuCIUE cosep- 
bctwO UOPMIIBINTO UGTORTBS C WOMOULLID CHCUMSARMX DAC TPOM NCA KPO 
CoBAUNCCAUK, Gusnanormvecauxz, Guoxmamucexux W ApyTuk meToOA08 uccacaosa- 
HUG MOMNO YCTAUOBITS MEREMIIAIC, LO CraTucTiNcexa JocTosepune  coxpa- 


be 


NAMOMUCCA B TeNeNHe Beei MAHI AKHBOTHOFO OTAWSHA OF HOPMIIBNX MKHBOT> 


MUX. STH OTANUNA CBIACTEALETBYIOT © ROSUNKHOBCHIN cxpuTore opranwueds 
Koro, HywKinonarwnoro nan Gnoxmamecxoro nopoxa. 

C wanto Bocnponsnencuna y Kpracat ‘PyHKUHOHZARNOTO NOpoOKa KoIra, NPO 
ABAMONCTOCA B HAPYURHM NOBLACHHA, NENTUoIZK TepaTorennoe scherang 
MNCS INA, KAOPNANHA H BHTIMNa A, T. e Tex HpENapstos, npw Rocrenum 
ROTOMAX, COrAICHO AuTepaTypiiaM Aanma (Jackson; - A. O. ' Hataucon; 
E. A. Moanraes: A.M Yepuyx om TH. Asexcantpor, nm Ap.). ‘yporctaa 
Moora DeTpenaiorceR wauGorce wacto. Maa toro tobi nopoxM pasentiA mo3ra 
HE OCAOMUATNCY BOJUNKHODCHEM NOPOKOD parBuTus Ipyrux oprauo0s, npenapa- 
Tel BHOANAN KpLcam na 9-1 Ach Gepeseunoctn, ¥To COOTEETCTSYCT EDHTINCCKO- 
My Hepnoay Pusoutua mo3ra Kpwicur (Hamburger). Stor aews HIOPan TaKme M 
HoTosy, 470, Mo AAuniua A.M. Yepuyxa « 1H. Aacxcauapooa, a taxme 
A.T). JlsGana, nvenno na nero npuxoantca mancnuaaunaa Tepatorcunas 
BATUDNOCTE MICSOCINS H xXQOpNAMNa. Cperune CMCPTCALULC Olin APCHapstos 
OUPCACARI Ha HYPOC AMR WiTaKTMAX KpIcax (CastKax) NO MeTOLY, ipeLIoAcH 
nosy B. B. Hposoposcnu, : 

Tak we, KAX WR ONtTAaX apyrux ABTOPOB, MICAANLe Pactaopis miieaccans 
W XAOPHANHD BOOAHAM BHYTPUGpWEMNNO, a BuTaMNaA — B weayiton. lips 
ONPCACACHIN MAKCUMAIEHOM TepaTorenued som, KPC, MOAY MIAN Tepato- 
Feu, wa 18-1 Acun Gopecouncerm 3a6unam no naolud WIBACKATH. Npw ssezcune 
KaAQOA Aro! ROI HONCHNTIABAA UNEAS YPOL WBA NCO PeIopGuposan- 
BUX NANROR. [pu BaercHin MaKCHMAaEX Tepatoremiiax 03 (em. ta6aiwuy) 
NHCAG DONO € BUPAMCulAN MOPdNaOraNee KH YPorctoast (ansuegarius, 
MOSTORSR TpiKa, OGince neROparBuTue nT. n.) accTHrano 20—40% RPK CAR 
wuNaX Caywanx cu6can. Opu sueacuun Gdanmatx aos wero pesopéuul peasxo 
Bospacrano, Nloayycniue pesyantam nosnocruo COOTRCTCTBYIOT AaHLUM Zpy- 
TMX aBTopoa. 


Tletaseuwe » reparoreeuue peau # pouasa teas s¢pa torenmocre 
euramnua A, sacpuanna m mntsocana ate ape 
nee 


Betawen A a 
nk 0 Gna eT bee Boo Mreogree 


dm MED @ xa | te eee 
AD, £48 Comon 600 000 40 36 
Tepatorcunas gow 
waxcnMitneas 300 000 8 $ 
hee pe ML 60 000 6.8 6,6 
Tepancermsceumf maaene 2 & 10 
Llapera tepatercanore gciictane $ 16 100 


C weanxo ORPCLOACUUA MINIIMATLHUX Tepatorenumx 203 BUPIWHBSAN LO 
TOMCTRO Kpic, NOTY4NBaIM NPCNAPITi4 B AO3axX, HAuNETO MCUbUIMZ, SCM MOKCH- 
MaALHaR Tepatorennas. No Cpclueny HuCAY KPMCAT B NOveTe, iO Hx BNCUMEMy 
BUAY, BECY MOarS w Cro NaCTeH, a TAK xe HO CpOKIM NPOIPeBANIN STM APIECRTA we 
OTAUNAANCL OTF KOUTPAAbINER, POANCNMIXCH OT C3: + AOAY.2BIUNX OANG Nep- 
cuxcace macso. Ilo AncTWANeHHN Tem mM ApyruMn KPLUCRTauA BCCR:OFO BOI 
PACT2 CONGCTIAIAAN BX NoOCcrACUSECKHE peoeuun, Onpexeanau ancuocTe 
wapyuwnti HOLE LUMA OT Be AOI aNTeHuTIALNErS SOU UCTENS, 

lowravesaunyro SRTIRBUOCT CLCHUBIAM € AULOULLIO CuIABLO ekuncl py ae 
posaimoro npuGopa (B. [. Maasxcecxui) uyiem peructpaun cara 3a.sK3- 
BMA BADCTAN NOLS pH KAKAOM ware KUBOTHOTO B TE<cuMe 10 nM. BOCAE 50-s08- 


uyTuoh asaoraunn. 

Cxopoct» supaGornm oGopounteasusix ycaoauux pedacxcoa onpemaan 8 
Kamepe, parrereunoh wa Asa orcexa. [pu narave Toxa 2 10 ¢ wa nos xpuce 
Repenpurusara wepes neperopaaxy. Ycaosusin paraprImuTeach CAyYMMAA 2aMNd 


Gencro uscta. Cxopocrs 8tp360TKY yeroBz0re pedrenca paccmatpunaan max 


seanwany, OGpstityio SUCAY CoseTanuk, eoGxot omy AAR BOMHKHOSCHNS 
nepscit dCIONLOPeHIEKTOpNOR peanuim, 

CrocoGiiocts x PPABLALNOMY BiGopy RY™ H3GcrauuR uayaan B wKamepe 
OPUTHLaTLNOA KO < 


ACHHA NPM 20%, pasuch 0,5 MAKCHMAALHOR 
Tepatorennoh, sususaa Mile@AO- 
Cam. Jlaaee cacayer sutayny A 
® Xaopitun. Kpupas saanenwocry 
Beant oGuapymurae wore »>- 
$exta oF sreacnioh AN3td HanGo- 
ace KPyTa y Butaunna A. Tepa- 
Torenuiah sxbbext anterocana ne 
NCMC3ACT AIKE MPH suOrORpaT- 
HOM YMCHLINCHHM 203g, a spent 
BuTaunna A cranoantca HHNTOm- 
Ha YRC ODN CHU ACHINM 2o3n 35 
pa3. HanGosrce SY 2CTOMTCALIe 
MS NCNiMTIUNX MeTOROB OUENKE 
NOWEACHIA OKaaAcA epGop nyt 
Nerang: HUCHHO no pesyAb 
TaTam stoh cepuw oniztos onpe- 
aciaan MAM MAALH IO Tepatoren- 
Wyo aosy. Jlaa sutauuua A ona 
5 pas, a ana xtopuanna w 10 
Pod aennme maxcuannnon Tepa- 
Torenuok. Jag MHCROCIH Ke 
A3a¢ 8 SO p33 weunmar aosa He 
AQIRCTCR = AOCTATOWNO Manoa, 
aor «= IpH camoa Toxuoa aKcTpanona- 
- a @ Ge Ct on iuIM Ona CocTamageT '/,.. oF max: 
Baaecwwaers noxararered BOSE WUNE ROWE OT 20K CHAI BHON Tepstorennon. Sry 
Tepatoremnux srenros, A034 BAX a6conoTitoN suancumm, 
PIP psoas Bap eeornbeme SS ataxme ux CooTHOWweHHe apHBe- 
cesar peraeae 2038 pens 3 TaGauue, 
moe a Ef eisai No suet Robson, noxasa- 
Maemuc yelonoe pease eee reas te Teaew OnacnocTH = npumencnig 
SP € wemecro murs simu (vsegen aebups nyTe npenap3ra womer Cay mute «Tepa- 
cme RCBTHNCCKIA MizeKCD — oTnoER 
NHC XO, TOKCNCCKON AAS Ma- 
Tepm, K x03e, BuSuBAMKC ypoxctao AAoj08 
Oucuxe onaciocts ucrodonasnKg SuTaunna A 
ROCHICa Kam 1:2.5:5. Corrtacpa We WHROKCY ose 
OTOH Tease Tepatorcunocts, HPCuspatTos coctantacr |:2:20. Mueaocan 
PAI, 2 Kaci: 


tu 8 2 para onscucd BtT2uMa A, 
Verenearcuines a peasy. 


MAALHME TepaTorcHiiee 
Ap’ BOeAcnHM npenapa- - 


WO ethane de Oe tlt a care enema 


CF 


Bux Nopamcunh (epancetiucexan WHpoTa, nero AOAYCTN NS tos MT. n) 


Banus 1400.08 CorAacyworca ¢ Pesyanraraswy KONO KY NAG UOZCUAt, CO 
TAacne KOTopiam, Npwsecneiune MNeA0CaNa 9 Tepanentuneckinx AOsax y yo eee 


Hag; 


faufiorce SyMCCTECHINAM aDANeTCR OuCHKa Tepatoreniociy XAOPWMNI: pO 
KO npuMeuReuoro A axywepcrne ara acucnua TOKCON.a3ME33. Yoursaan wa. 
Ay iupory cro Teparorennoro ACHTANA, “OKNHO MPeanosararn, yto ADiUMe. 
woe apenapata B KANNIKe Ne AORKNO BCCTM K ROI KHOBEH KIO ano- 
MOH DaleuTun HENTPAALNGh nepsioi cuctemu, Sro AP ANAIOwcANe Nos 
TROPAAIWCTCR Tew, wT 8 o630pax no KAHKiNIC? KON Tepatororua AJOPHIuM KaK 
Teparoren we ynounuacrea (A. Ti. Kuponcnkos it 5. B. Jcouos: Pontuch). 
DUAHO, ObcyY racine NOKaIATeAN (repaicatuiccnnad HERG. Lune 
POT3 Teparereuiorg Aefierwua) ue ravensor HONG NCKONaIOT anyr Apyra,. 
CPANeRTUYECKHA Hi xeKe PO3BOARET ONCcHYT), CPABUNTe yO onacuocn, 
Apenapara aaa MaTepH M naona npu PPuMevenitM Gotnuuex, TONCH4CE KM 

203. Tepatorormiecnag BMPOTa Xapaxtepuzyer cKOpee CaM npensnar 4 no3- : 


Bunogu 


1. Bacrcune Gepewenmas cauKasy KPMC Teparorenmax SCHLCCTS B 2O3az, 
ne BMWanaeiti x BY UOANaK yPpoacta A914, NORET UPRBOWTS K Nee ieus. 
y uero hyukavouarsmax nopoxos, 

2. Creneny ONICHORTH NCNOALIOGANNS Npenapara po speusg Copesenuocry 
© Tous 3pcung GOINKKHOBCHAS y NAA. PyuKunouasemex NOPOKOS wOmeT Curry 
Cucucua n3 OcHOBaniM mileKca umpoTia Tepatoreutiore gckctaun, 


AHTEPATYpA 


Soraumuns fa AAV # Pwo. 1963, 2.0.3 — UG an 4 n. Bocte, AMM 
Coop, 1907, MI ec. 18. —~Kapwowearoy A lL. Necues 5B foup xp. war, 

1967, Xe 10, 6 —~Maaaroncnna BR PF. Ospwaxes. 2 Foucnman., 1469, Ne 3, 2 
© 12.—-O0 xe. Taw me, 199, M3, 36.—MWaraucoy A.O. Bataves Ae. 
Anat veninon PROC mM. s 

Ba M.A. Anya. ™ raw, 1967, de 3. ¢. 3.—Newmuases E.A. Apz awat., 1966, 
pi brpeetid omen: A*Bts AT i Satire 4 
uae (aenapcrmeniusa) mewcers” M.. '969.— Bo ag W., Schweiz. med. Wee ag 8H 

x 672.—Diamond 4 Andersen mA, Pediatrics, 1969, vw. 25, 9. 8S — He 


Poatuca A. & sek. 1965. Fr. 30... 3. — Reb i . 
v. Gp. $37. — wens De presets H.. Wien med. ~~ 1967, 


84117, 5, ~Yatie 4., Camad. med. Ass. J 1968, v. 98, 9. 301. 
Rectyenas IY 1966 ¢ 
THE RANGE GF TERA TOGENIC ACTION AS AN INDEX OF THe HAZARD OF USING - 
A MEDICINAL SUBSTANCE DURING PREGNANCY 
¥. &. Preswoesig, ¥. GB. Malutiovety 
la en the suthors redaction af te nol myclatan, chile 
the fon of these substan: Aainabes ety - 
the Deh dap ai nae A foe tunes eta tan gg im vbsiances | 
: i % - 
Sl 
‘ w 
. Le 


SHPURPOSES OF SY FUOY OR RESEARCH IN TIED OF LENDING T 


in W—40 per cent of fetuses. As minimally teratogenic the su! ors accepted a dose which la 
a normsly bora one-month-old progeny caused behavior deviations ja cumparison with cont- 
rol animals, The auilors propose to churcterize ihe degree of teppei ol drugs and the 
hazard of thew clinical employment by the rarge of teratogenic action, which is determined 
+ by the ratio between ihe maximal and minunal teratogenic dose. 
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t ) NPUMENEHHE METHIIQPFOMETPIIHA Y POKEHMUL 
YIPOMAEMLIX MO KPOBOTEYEHHIO : 


H.C. Cudoposa 


Mucnuscxsh OGsactnod nayso-mccaean@ate rec KM MECTMTYT akywepcTea w fwueKo- 
Jorma (aap. — nana. wea. ways OZ. Maunanosa, mayen pymoweinteae — 
npop. B.M. Jlornc). 


B wactommem wccaraosannm w3yyaan K-univecKyw xfepexTuBHOCTh me- 
THtspTUVeTPHNS, LPAMCHCKNOTO C UpajstanTiecho LeAWO y pomenMn, 
Ji pemo VER HO KPCBUTENCHINO (OTHTOMCHt OkyuePCAHA anannes, nepe- 
PACTAmCHHe MAINE, HOsQUUE TOKCHROSU, 3a6OrcbaiuA CepAacwuo-CocyAuCcTOa 
cuctesus). 

Kpoue toro, Giun0 npoverzcuo KOMMACKCHOE N3yNeNNe BAN ANR METILT Pro 
MeTpHda H@ OPFaHNIM PODIILHMLs, BD NACTHOCTH Wa (by KUMONarBHyIO Cnocoé- 
WOCTL MAGKAPRA, CUCPTMOHIOUL)IO CHCTEMY KPOBH, COXPATHTeALUyWO cnocod- 
HOCTL M&TAH, KPOBCHAaO{NeHHe HM TOHYC Ce CcocyaAoe. 

C sich nea Gis nponercu KANNeCKIt auaaN3 TeyenNA nocaencno- 
FO PoitiefO LOCIEPO GHATS NePiora Hoc MCAUKeMENTOMOH ApodaLiaKTHKE 
y 103 pow, yrpomuewax no Kpodorcieninm. Koutpoanuyeo rpynny 
Jt 428 pourtisnin, KOTOpIM ApofwAaKTHKS We Npowornnach (apxB- 


COSTES 
ful Matepuaa 1963—1965 rr.). _ 

Jletct ene HPeENsapsts WI OPFaUHIM POAWALNNUM HAyYWaan ¢ NMoMworNLIO 
PETOLOB MOUIKIPuNOFpa}at, exTpoTCTepor Padatn, prornctepor puqain. Kpo- 
MO TOPO, GueUks COCTORUHR ChepTLingmiiwit CHCTCMig KbO@h HpOlOlntach Ha 
UCL ais ANGI’ KOATYIOrpaus TponGoslacTor pax. 

Meiaasproxetpit npuuciaan wuyrpiecune B xocureectse 0,1-—-0,2 wa 
BetwcTn2 Eracte ¢ § 2 40%s pactaoy FAIOKOMA HAN GuINOAOrHECKOrO pac- 
T20pa Op NpepesmBawiia roregrH, HepCANeTO NACAKA HAN Cpasy We NOC Ae POm- 
aQuaa KAR. 

Motnosproverpitn Gua ucno1.305an y pomennu ® Bo3pacte of 20 ao 44 zeT. 
Kip stow 37.5% meine Guan nepeotcpencuimaum, 23.4% — noatopue 
Goperenineser acpsoporanuiam # 39.1% — nootopnopoanuyimm. B Koutpoas- 
HOA Tpyare aepoctcpescumsx Eur0 31.7%, nosropuoGepeuciuiax neppopo- 
2au4x — 235%, noniopuoporzwuumn — 44.8%. 

Mpevnocteyoman Gopecn:.ocTh 3Janousitace aGoptaum y 38.4% senna 
nepEsporsinaix # y 83.2% o Tpyane nosTopuopoazminnx (8 KOUNTpPOIL- 

pare eveisetctaciwvo 40,2 4 77.1%). ¥ 45.8% pomeunn npeasyume 
Poly Guid narororusecnnvat. B Koutpoauwol rpynne ocaomucnuoe Teucnue 
APesciyuux poros Gero y 314% xccuuun. 

Caveciosicanuce orrescime mocseta nponsomse y 97.4% xem 
{8 KouTpage y 91.4%}. Cperuce apeus oTzercune nocacaa cocTasKaAo B rpynne 
nepanparaiuax § saw. 13 cox. £0,02, a y nostopuopoamumx 8 mun. +0,04 
(3 woipone cootm retzcuno 12 mum. 0,05 w 14 sus. +0,01). 

Oxcpacaa pysuore ot.weacuam nucseza 8 uccaciyeuod rpyane apose- 
sua y 2.6%. pometuu, 8 KouTpusLuod rpyune —- y 86%. Y 17 memmsn 
OHecuCa rpynma KOKAIANMEM K PYSUOMY OTAEWKO NOCREAI ABLACCh NATT- 
kee ¢ro opuxpeascune, y 10 -~ uavaswceca Kkpcsoteveume..B xoutpoannod 
fpynae y Corummecrsas pawauuy (38 u2 43) noxazaunem K sTod Onepanke Gare0 
sposoTevemme, a y 6 — naoruce apaxpenacune. 


LE FHGYOCOPY MADE BY THE NA DONA LIBRARY OF MEDICIN 
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Oneparum pywnore oGcaeaowanne creak Norge TH waTKit 8 rpynue ¢ apne 
MCHCHHEM META sproMelpina Gata npoisweaena y 4.3% (9 KoUTpare y 17%). 
Noxaaninau & pytnomy OGcaclopannw HowUeTH MaTaH GUA: KpOnOTeENiA —— 
14% (xoutpoas 11.6%), acdext nocaera — 1.2% (Kxoutpoan 2.6%), com 
weuHe BuenoCTH nAaUcHTEA — 0.8% (8 KouTpote 1,6%). Youeurenne nocaeta 
nponsourio y 0.4% meu, 3B KONTpOALNCH rpynne — y 0.8%. * 

Mpumencuue metwasprometpuua cunsitzo no cpasnenuio ¢ KONT POEM 
Kpononorepo cuisine 400 ara B 8 pas (2,9 t 23,2). Npu stow pots, npoxnrasame 
€ maccuanol Kposonortepe’ (Gaace 890 114), naGnoratice BO pasa peme y tex 
POAMALIIN, KOTOPIEM NpaseuAtcaA stoT npenapar (0,4 mw 3.6%). Howennaa 
CBOM XapAKTep M pusHOAOrHYeCcKaR KponONorepa. Kpooonorepa or 30 26 00 ua 
Guna y 82.1% poanabiuu (8 KouTpoABNOd rpyine y 33,3%j, oF 201 20 300 wa 
—y 11.4% (@ wontpoae y 23,5%) w or 30] 20 400 w+ — cero y 3.6%, re. 

y Yneaa mcumun B 6 pad weneme, 4eM 8 KONrpare (23%). 

B cBasn ¢ Tc 4TO MeTHASpromeTpin Gut PEROMENAOBIN ANAK Npoduaan- 
THK KpOBOTCNCIMT yY POMCUHU C NOIIHYM ToRCHkOZIMM CopemcnimaN 1 3aGo- 
Seba AM CepAcuNO-Cocyanctoh cnetesna, ocoGoe 3naycune npnvdperaior 
CbCAchHA O BANHIH S1OTO HPCUAPaTA HW MOKAZATOAH FEMOAUHIMItKA, 

Metuasprosictpuit ue OKa3dA KakOrO-1NGO DAMAIIIA Na WIweHCUne remo 
AUMAAMUNCCANX HORAZITEACH y pomcunn POAMALN HG C HODWA TLL (63 HaG 
Moacua), nomancimum (1 vaGaorcuuc) 4 nomsaciunum (80 naGawrenni) 

HCXOANLM YPOBUCN APTCPHAWHOFO AABACHNA, 

Hpw anasnze 210 nosnxapanorpase avs onpercrsant nperorantesLiocte 

ACPUOAI NaNpaKeHMR (haa AcHHAPOHNOFO i HIOUCTPUNECKOFO CaxpsncHMA), 
ACPHOAZ NITHAHHR, ANYTPHCHCTOIMINCCKIT NOKAITCAL, HACK HAnpRAcnhA 
muokupaa. Jlauteaiuocte as cepreinoro witK3a, NOAYPWHUNAA B dies WEEE. 
ona, Ginjna no suarcie MnoKayateawyC, MH. Testauesoin iH. E. Opau- 
euro, naGaojaniinx CHHAPOM TUNOANNIMNN Y we 1 B NOCACHE Heel 

GepescniocT HO CPSANCUINO CO 320PORIAM NEO peMcnMusUt meHUHAMA, 

Bircercayenol uaa rpynve wae Guan otueuciie UPWInaKM NapscTanns 
cCHHApOMA rHuotiMamnM. Ouran. senacuniea K fasopomy cauury B® CcTopony 
Tunoaunamint Giaaa meuce Biupamena Wo NAGIWAIAACe NECKOILKO NEIKe (FA 
wae NaGaozcuNi), wou B ROUTpOALNON (2-i 4ac NaGAinACUHMA) Ipyune. HacuTie- 

HOCTL NoKAssICaCit B OGCHX rpynax OIMenatacL ¢ 3-ro noe 4-4 Hac NaGuorewME, 
NTO MOACT Guth OGycACBICNO OxOUAIINEM AciicIBMA Npenapata. : 

Dpw cra6uarnocty noKxasateach revoquiauiKn Hatmute d.axccoro casura 

B CTOPONY FUNOANNAMIA CACAYET PACCMIATPNNIATS NPCMAE BEYTO KAK Gut3HNO- 
AOTHICCK YO PEARUMIO COPACINOH MisuiULE Ha HarpyIKy, BOINNKIUYN B Ipouecce 
poros. 

Moawo OrnetiTh, YTO DOCACHHIT MeTHAZProweT MM OhaIWBICT LeKOTOPOE 
TOUNMINpyUCe ACcTBMe HI mMOKAPA (MOAANCE Mer TANNE NPUINaKOB rinne 
ANUIME HHA MCHDUAR GupPaMCUNOCTL B OCHNoBNOA HCCACAyeMOM rpynie). 

B coaan ¢ res 410 pray itce.req0a2Teren (J). B. Boxosa u coanr.; O. fF. Mer-, 
pam m coast.; Santoni # coasr.) yaatock onpencants BOIMOMNOCTL CHiLKCHEA 
CBEPTUBHOUNK CHONCTB KPORM APH HoMOALOAANHM «NpPENapates, yeriusane 
WX COKPATHTCALNYIO CHOCOSNOCTY MATKH (1. TYTPRA, OKCHTONUN, NaXnAapAMN), 

MU Nponcal uIyNeNe HOKSIATeAe Cacpriunainued cuctemia Kpoem y 54 po- 
WCUKL B NEPHOW NCPUARe POANB, B KONE BTOPOTO NepHOra AO ABEACHAA Npena- 
pata s wepes 15—GO smn. nocac ero npuncncuns. 

Bacacune memuasprovetpana we oxa3a20 cymecTReunoro AAnanuA na 
RImcHcnne yponnsa qaiGpunoreia, WO NPUBeAG K NeKOTOPOWY cHHArHNO ¢uGpn- 
BOAUTHNECKON aXTUONOCTH Kponwt no CpaaiucHiNe ¢ HEpuagoM HatuaKcNuA 2O 
Becacnna upcuapata. Moxasateam uporpowGuucsoro pilicaca, speucum pe- 
PRALLINpU KS NAAM, TOACPENTHOCTH USAIN « FCIpPEMy MOLSE NCNOILIO- 

Sauna weTBAS Pens CyUKCTEcHNO Ne NINcCUMaNCch. 

Piayanieta, saunemenen uaGanrcuni parauxuux setopos (1. Urapxa- 
aes nm coast.; 11..3. Toruros) noxazaan, «ro meTnaspromeTpam wosuwae>r 
Tomyc matowol mycuyasalype ya “epes 3O—60 cen. nocae suyTpusenuoro 
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TERATOLOGIE “EXPERIMENTALE. — L'effet tératogéne du rétinol sue eme 
bryon de Poulet, Note (*) de M. Armand Abramovici, présentée par M. Etienne 
Wolff, ; ' 


» 


Le rétinol, injecté chez les embryons de Poulet au 3° Jour dincubation, produit ua effet ita, 
limité. L’cifet tératogene semble ctre influencé par la voie d'admini:tration de la vitamine, A faibles 
doses la vuie intravitelline cst plus active (21,6 9%) que la voie supiablastodermique (11,4 %), tandis 
Qu’a fortes doses leilet tératogcne est identique pour les deux vuies (21,9 et 24,2 % 

Les types d’anomalics observés sont tres varids et certains d’entre eux moatrent une spdcificité do 
distribution selon la voie d’injection. 


La plupart des travaux sur I'effct tératogtne de Vhypervitaminose A concernent 
les Mammiféres, en particulicr les Rongeurs '{(') a (*)). L'administration de vita- 
mine A a fortes doses chez Ics embryons de Poulet digés de 44 8 jours d'incubation, 
ne produ.t pas de malformations, sauf quelques altérations histologiques de lail (*). 
D‘autre part l'effet de la vitamine A en excés, sur les Poules pondcuses, améne 
seulement un ralentissement de la ponte (*). 

Le choix d'embryons dgés (*) et le manque de précisions sur la forme de la 
vitamine A utilisée, caractéristique des travaux antéricurs, augmentent les incerti- 
tudes dans la connaissance de I'effet tératogéne récl de la vitamine. - 

Nous nous sommes donc intéressés A I'etude de Ieffct tératogéne de la vitamine 
A-alcool (rétinol) sur 'embryon de Poulet aux stades Jeunes de dévcloppement en 
rapport avec la voie d’injection. 


Mattriet et MétHones, — Des acufs de Poulet de souche Leghorn blanche, _ 
sont ouverts ct injectés au 3¢ jour d'incuhation (ade 18 11 et H). 

Le rétinol (°) sous forme de cristaux est dissous d'ubord dans léthanol pur, 
puis dilué avec du liquide de Tyrode sans Cat* ni Mg** jusqu’d la concentration 
finale désirte. Les doses sont cxprimées cn unités internationales (1 U. J. = 0,3 pg). 
Les solutions de rétinol sont administrées a Iaide dun micro-injecteur d’Ancel (7) 
par deux voies d'injection différentes : la voie intravitelline (i. v.) et la voie supra- 
blastodermique (s. b.). La voice i. v. consiste en une injection directe dans !e sac 
vitellin. La voie s. b. consiste a déposer Ja solution sur Ie mésoderme de l’aire vas- 
culaire, 4 proximité de l’embryon, aprés avoir déchiré préalublement la membrane 
Vitelline sus-jacente. Les embryons ainsi injectés sont incubés & 37,5 °C jusqu’au 
13¢ jour d'incubation. On examine alors Ies embryons macroscopiquement pour 
déceler d’éventuclics anomalies, : 


Ré&SULTATS. — L’injection d'une dose de rétirol de 100 U. Ujeuf provoque 
un cffct [étal trés faible par les deux voies d'administration (3,5 %iv. 2,5 %s. b). 
En augmentant «lix fois fa dose de vitemine, son cifet Ktal ne s‘uccrolt que de 4a 
6 fois (11,9 % i. viet 13,9 % ». b.). Notons donc que (effet Ital du rétinol est 
identique, quelle que soit 1a voic d'edministration (fig.). 

Par contre, chez les témoins, Ieffet Ital est aifférent sclon ta vole dinjcction 
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employée. Une solution de Tyrode sans Ca** ni Mg** provoque une mortalité 
de 13,4 % par la voici. v. ct de 4,3 °% parla voies. b. 

L'injection d'une solution d‘éthanol & 16 % (qui correspond & un volume 
d@éthanol contenu dans la solution de rétinol de 1 000 U. 1./ccuf) provoque un taux 
de mortalité de 10,3 9% par vaie i. v. ct de 3,9 % par voic s. b. 

Licfict tératogéne du rétinol varie en rapport avec la voie d’administraiion 
(fig.). A faible dose, le rétinol est plus actif par la voie i. v. (21,6 %) que par la voie 
s. b. (11,4 %). Par contre, une forte dase de 1 000 U. J./ecuf induit un effet tératogéne 
identique pour les deux voies d'injection (21,9 ct 24,2 % Tespectivement). Le taux 
de malforinations chez les témoins est plus réduit (6,7 %), quelle que soit la voie 
d’injection utilisge. j i! 


RETINOL 


fOOUL SOOUL 1000U!. SOL. ALCOOL 
TYROOE 6% 
(63cas) (Meas) (96 cas) (97 cas) (68cos) 


° 


ot 


Z % MORTS 
(0 % MaLFormés 


(79ces) (6Scas) (87¢ca8) (93ces) (Sicas) 


Licflet Ktal ef tératogéne du rétinol selon Ja vole d’administration : 
voie intravitelline (i, v.), voice suprablastodermique (8. b.) 


Nous avons remarqué que la distribution morphologique des malformations 
varic aussi sclon la voie d'administration. Le rétinol injecté par Ja voie i. v. provoque 
des malformations cardio-vasculaires (8,8 %), cranio-faciales (2,2 %), des anouries 
(2,6 %) et des mésonéphros polycystiques (4,4 %); tandis que par voie s. b. la 
vitamine induit surtout des anouries (4,3 %), des malformations cardiovasculaires 
(2,7 %), du squelette et des membres (0,8 °%). Notons que les malformations du 
squclette et des membres n'apparaissent pas chez les embryons traités par la voie i. v., 
et on ne trouve pas de mésonéphros polycystiques chez ceux qui sont traités par 
la voice s.b. Des malformations ayant un caractére généralisé (anasarque, sous- 
développement ct carlosomie) sont assez communes chez. Jes embryons expérimentaux 
(3,5 % par voic i. v. et 8,6 % par voice s. b.) ainsi que chez les témoins (4,1 et 
3,2 % respectivement). ; : : 
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Conctusions, — L'effet tétal du rétinol sur Vembryon de Poulct est limité 
pour les deux voies d'administration employées. Quant a I’effet tératogéne, il semble 
étre déterminé quantitativement ct qualitativement par la voie d'injection utilisée, 


Par voie i. v. lc taux de malformations est assez élevé, et identique pour toutes les: 
doses administrécs, tandis que par voie s. b. Ieffet s’accroit Proportionnellement 


a Ja dose. . . . 

Les types de malformations obtenus semblent aussi influencés par fa yoie 
dadministration du rétinol. La présence de certaincs anomalies dans un groupe 
expérimental et leur absence dans un autre peuvent sugetrer un effet direct ct loca- 
lisé du rétinol, différcnt sclon la voie d'injection utilisée. . 

Malgré Ja variabilité morphologique des malformations, leffet tératogtne 
de Mhypervitaminose A est quantitativement plus réduit chez Jes embryons de Poulet 
que chez ceux de Mammiferes [(*) a (*)]. Une telle différence d’activité de la vitamine 


peut tre expliquée, cn partie, par une sensibilité différente des embryons de ces. 


. deux espdces (°), & ee 

Compte tenu de la différence de forme chimique de la vitamine A utilisée dans 
Ies travaux précédents, il nous scmble difficile de comparer nos résultats avec ceux 
des aytres auteurs. Une meilleure connaissance de lactivité embryotoxique des 
autres formes chimiques de vitamine A sur les cmbryons de différentes esptces 
s‘impose donc. 


&°) Séance du 10 mai 1971, 
C) S. Q. Cost an, Science, 117, 1953, p. $38-$36, 
(@) A. Giroun et M. Maaner, C. R. Suc, Biol, 148, 1934, p. 1742-1743, 
(@) H. Karin et J. WarKany, Amer. J. Puth., 38, 1961, p. 1-28, : 
(4) M. Maain-Paoiira et V. H. Fires, J. Embryol. Exp. Marph., 13, 1965, p. 1-8. 
(@) G. V. Preacazis, Boll, Soc. Ital. Biol, Sper., 39, 1963, p. 1626-1628, 
(*) J, Bucy, J.D. Wooo et J. E. Torus, Poultry Se., 41, 1962, p. 19735-1177, 
(7) P. Axcis ct 3. Mouser, J. Embryol, Exp. Morph., 2, 1954, p. 290-292, 
(*) A. Ginoun et M. Mantinet, C. R. Soc. Biol, ($2, 1958, p. 931-932, 
(9) Nutrit, Biochem. Corp: U.S.A. : i 
Institt CEmbryolugie et de Térutologie Expérimemales du C. N. R, S., 
94-Nogent-sur-Muarne, Val-de-Marne ; 
Laboratoire de Pathologie du Développement, 
Ecule de Médecine, Université de Tel-Aviv, brad. 
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Caixa Postal 2316. So Paulo, Brasil. 
Plancjo viajar no més Ge 

Tenho projetos de viajar a 

Que excursées tem a Pan Am do Brasil? 


© MEU AGENTE OE VIAGENS 


A linha aérea de maior 
experiencia do mundo. 


Sr i) damn Mee | as 


cow tor 
eaar nine Ou. 


Antes Ce ir a sua sréxima convencdo médi- 
c2, chermec seu Agente de Viagens PenAm?” 
cu 2 oréoria Pan Am. Um bs hete Pan Amo 


1.06 @ Carine mais por 
a: cere $ Ca Saida. 
ervicas Em terra, pres- 
ics de Viagens Pan 
13 Carros e excursées. 
M Custo exiva. Veja Nova 
oc. Vecé pode veer ratélasem 


36 P93 de Jancio, Sio Paulo. 


escalas — temos 4 \60s semanais — ou se 
vocé quiser pode deter-se em Caracas, sem 
pacer nenhum tostéo a mais. 

Outre caso: Los Anceles. Pela Pan Am 
vocé Ecce parar no Panama ou Guatemala, 
sem terifa extra. 

— — nds temos véos sem escalas para 
Miami. 

ainda mais: voe accra, pague depois. 

Chame-nos agorinha mesmo. A qualidade 
da Pan Am néo Ihe custa mais. Para mais in- 
formagces, recorte e envie o cupom acima. 


Brasilia, Pérto Alesre, Cuntiba. © s. Camzinas, 


2. Go:Ssia. Vuteria, Satvader, Recife, Fortaleza. Sio Luls e Belém. 


HE NAT mony varure Cie) 


Eria Brazil Pellande* 
Pérto Alegre, RS 


Tanto a hipo quanto a hipervita- 
minose matcrna podem ser causa de 
anom-lias do concepto. Fatos suges- 
tivos sSbre o assunto s30 conhecidos 
hd 40 anos(!425) e sua comprovacgio 
clinica e€ experimental € hoje, in- 
Ciscutivel. 

A indéstria colabora na prevercio 
€ tiatamento dar docngas carenciais, 
através de suas especialidaces farma- 
cbuticzs mas, infetizmente, tem-se como 
ferts que também € responsivel — 
por motivos que escaparam ao contré- 
le cientifico de produgio — pele de- 
sencaceamento Ce afeccdes istrogenicas 
Carsctcrizadas por hipervitsminose. 

Pouca atengZo se tem dado ao pro- 
blersa, em nosso meio; assim, 0 obje- 

_ tive do presente trabalho serf o de 


divulgur dados recentes sdbre oo 
asstnto, £ 


HISTORICO 


At@o século XVH, segundo Velés- 
Quez@), era rora a ccorrSncia de ra- 
Quitams no mundo. liso se deveu ao 
fato Ge que basta a irradiagio solar 
idtia de 10 cm? de pele, para que os 
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.precursores da vitamina D do plasma 
sangiuineo ncla se transformem em 
quantidade suficiente. A vida em: maior 
contato com a nstureza permiliu 30s 
nossos ancestrais um metabolismo ade- 
quado dessa vilarmmina, a azlomers¢io 
em grandts centsos citacinos determina 
cada vez mcnor exposigio cos indi- 
viduos ao so!. O raquitismo é, pois, 
doenga da civilizagio e scu tratamento 
pocer-se-ia limitar a medidas de oréem 
higi¢nica. 

A hipovitaminose A é, sabi¢amen- 
te, dccorréncia de vicio diciético, que 
pods s* corrigido com relativa faci- 
lidade. 


HIPERVITAMINOSE 


A dieta habitual ce uma pcssoa 
da classe média fornece-Ihe cérca de 
4.050 UI de vitamina A e 4CO Ul! de 
vitamina D nor dia, que correspondem 
ds suas necessid:des. A ingestio de 
um sugismento + inico &€ tio dss- 
Meces.dria, nessas cond) ;Ovs, como 3 
complementagio de qualquer outra ne- 
cessidude fisiolégica, nos Umitcs ca 
normalidade. Assim nso {Cra, teria so 
impossivel a vida humana, antics da 
dexcoberta das vituminas. 


Frases! 9 ponsa ceinciccrten.cnte 
ao afitinar gue “no sappie..cnicl wea- 
min OD (¢ iso s¢ poe estentce As 
temas) & conitered cecessary foe 


ee 


SVU Od be 


eee ee 


adults, over and above that acquired 
from the ordincry dies and cesuel exe 
posure to sunlight’. £ evidente que o 
mesmo critémo € extensive as Criangas 
de habitos hizgi¢nice-diciétices adequa- 
dos, uraa vez cue oO mesmo sutor 
calcula gue grarze mussa de aloles- 
centes nos EUA, em ~:3umas areas, 
cenlamente ingere taxas ds vitamina D 
inferiores a 103 Ul! por dia, sem con- 
sequencias. 

As hiperviteminoses A ¢ D surgi- 
tam como decorséncia de tratamentos 
ifraciona's e Ce medidas so-verm2men- 
tais precipitadas. Embora s a C8 
necessidace ede acm. ossas 
subsicncias em coniaJos exes, 0 25580 
da vit2zminoterapia Cartes, Ma sua es- 
teira, mais meteficies que 

Vitsmina A — E cosczicificante: 
“the typical lesions resait from an 
acceleration of the constant process 
that takes picee during «ration of 
beres", 3 "2, Poa 

Stem gue 
oy 2d 6 WS 
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. Outres efei- 
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las sutriiy 328), 

sno? exg.cha $15.19), cae 


farete’’ © .nomeras Ovllas snc tals 


conpcatash®2) além geo um sem no- 
Sinais ¢€ sintonas moles- 
Ciroud © Martinet®2) ob- 
UveraM exer cntalmente fetopatias 
com Coses que, hoje. s40 facilmente 
Supenalais em clinica humana’ Deve-se 
acrescentar Gi a cortisona € o mietil- 
licraci aumentam o efcito teratocénico 
da vii iina ACY, 


Vitumina D — Com relacio a in- 
toxics¢io ozasionada pela viramina D, 
a experiencia Irévica e, por iso, 
comparada por Taussig% Aquela |i- 
gada a ingesi3o de talidomida pela ges- 
tante: “the decrecse in the prevalence 
of ihopsthic hypercalcemia was nev rly 
as striking as the elimination of pi oco- 
mucha in Germeny after thalidomide 
was wilhdrown from the market’. A 
chamsca “hipercaleemia epidémica” 
ocorreu na InglaterraG®) © em parte 
na America do Norte 4, quando o 
fotérno désses paises recomendou a 
adigao de quantidade elevada de vita- 
mina D ao Ieite distribuido a popula- 
$30; alcra disso, a industria de alimen- 
tos pds a disposigao dos usudrios Jeitc 
em pé c farinha de cerrais “enrique- 
cicus” dessa vitamina, em especial para 
lactentes ¢ criangas. Sua iNgestso indis- 
criminada, actescida dos incfavcis 
“suplementos vitaminicos”, gcerou uma 
epidémica forma de hipercaleemia, ca- 
racterizada por facies peculiar, este- 
Nose adrtica supravalvular, idiotia, cal- 
cinose, anomalias dentdrias, hiperco- 
lestcrolemia Cic.(7.31,20.21,34,36,39) pode 
Ocorter arteriosclerose generalizada ‘36 
4 co a “calcinosis may affect literally 
any tissue or organ of the body: the 
joints with their synovial inembranes, 
alveoli of the lung, parathyroid glands, 
heart muscle, Kidneys and the renal 
pelvis, skin, lymph nodes, pancreos, 
Various arteries, lining wall of the sto- 
mach Gnd even the cornea and con- 
juntiva" (4), A experimentagao animal 
Teproduziu o sindrome em toda a sua 

*2), Cahe destacur que 


Mee cy 
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extensgo1.3.3,11,22), 
a “hipercalcemia congénita™ pode ocor- 
fer em criangus cujas mies recebcram 
doses que sio &penas moderadamenic 
Supcriozcs aguclas considcradas profi- 
JaticasC © que “it has been reported 

. in one instance that 400 units a day 

“(i D) hed 10 lesions that proved 
Jatar"), 


ANOMALIAS CONGENITAS 


As {ciopatias congénitas em nossa 
slinica forum culculadas em aproxima- 
damente 0,499. Dos cusos ocorridos ¢ 
examinados, dentre aquéles em que nio 
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foi possivel encontrar antecedentes -fo 

miliares que Os caplicascm, Ocarfeu 
un que foi cococterizado come “artro- 
Elipose multipls congenita” ¢ a pacien- 
te inadvertidamente fizera o uso de 
160.000 Ut de vilamina A por dia, 
durante “alguns dias” (sic), no segun- 
do més de gestagio. 114 quinze anos 
VIMOS insistindo con nossus pacientes 
para Gue mantenham resime higiéni- 
Co-dictGtico correto; nenkum “suple- 
Menlo” vilaminico ou qualquer medi- 
camenio thes foi prescrito, a nao ser 
em caso de comprovuda necessidade. 
A calcemia é solicitada com os exames 
iniciais: € um pobre recurso, mus sem- 
pre permite a avaliacao indireta do me- 
tabolismo das vitaminas A ¢ D, bem 
como x discussio do fato com a 
pacicntic. : 


Sio consideradus tolcraveis ¢ ha- 
hituais taxas de 2 a 2,6% de malfor- 
magoes fetais na populacgio cm geral, 
para os paises allamente industrializa- 
dos@)), Nio posstiimos, no Brasil, da- 
dos precisos sébre o tema. Mas, a 
grands incidéncia de anomalias fetais 
quc tem sido relatada naquelcs paises 
de clevado padsZo de vida (EUA, In- 
glaterra, Suiga, Suécia, Alemanha, Ca- 
nada ctc.) é de certa forma estarre- 
cedora. Apgur®) mostra que, scgundo 
OS autores, 30 a 60% de perdas fe- 


“tais, no total de &estagdes, ocorre por 


anomalias incomnativeis tom a sotre- 
vivéncia. 24 a $0% dos abortos es- 
pontincos até a vigésima semana de 
Sestagdo aconteceram em funcdo ce 
malformagées do embri3o, Entre os 
fetos que sobrevivem ao purto, até 14% 
(Pennsylvania Lying-In Hospital) sio 
ainda mal formados! As diferencas 
numérices encontradzs sio tio dispa- 
res (24% e¢ 50%, por exemplo) que, 
fazem pensar na possibilidade, entre 
outras, de gue os diversos grupos 
responsaveis pelo contréle das pacien- 
tes possum estar a induzir-lhes afec- 
gOcs iatrogénicas, 

Fraser], no estudo que féz sdbre 
a “cpidemia hiperealcémica’ inglésa, 
encontrou niémeros bem menos signi- 
ficutivos. No cntanto, & preciso Jembrar 
que Cle computou apenas os sobrevi- 
ventcs do evento. nao Ievando em 
conta os abortos ocorridos nen tam- 
pouco os Skitos pés-nutais que segundo 
Royer), spresentaram um indice de 
calcificagzo patolévica de 12° cm 
criangus falecidas por diversas afce- 
gOcs, na época, antes de alingirem a 
um ano de idade. 


Apgar), cautelosamente, nio quis 
correlacionar diretumente dados tio im- 


Pressionantes com a ingesto de vita. 
mii ~ lipossoliveis. Outros © fia. 
rane 3640), pois guando sz sabe Gee 
O niinero de xbsorgoes embrionirias 
€ clevado nus expericncias laboratoriais 
CoM essas substancias ¢ gue 08 cefeitos 
constutados na prole de animais sub 
meticos a vitaminotcrapia durunte a 
bestuggo € quantitative ¢ qualitativs. 
mente comparavel & que ocorre em cl; 
nica humana, o paralelo é includivel, 


INDUSTRIA DE VITAMINICOS 


Ha vinte anos, as doses pré-dove 
(“doses por vez") de vitamina Ae D 
quc s¢ encontras.aum nos produtos far. 
Macéuticos & disposizio do publico 
cram de aproximadumente 400 e 40 
UI, respectivamicntc. Tratavam-se de 
substincies obtidas de fontes Naturais, 
que sso melhor metaboli;adas pelo or. 
ganismo que as sintéticas("), A sine 
lese das vitaminas barstcou seu custo 
de produg3o. Ripidamente os laboraté 
trios farmuaccuticos passuram a oferecer 
“vantugehs” aos médicos ¢ ao publico 
com a classica formula de que “nosso 
Preparado contém mais vitaminas por 
menor prego. O abuso foi o passo se 
guinte. 


As aberragées que se constatam no 
Preparo désses produtos farmacé utico, 
Serio facilmente averiguadas pelo le 
tor gue assim o desejar. Produtos hi, 
recomend: dos entre outras indicagdes 
Para “os periodos de gravidez™, que 
fornecem 25.000 UI de vitamina Ae 
1.000 UI de vitamina D por dose: a 
recomendagado € de duas cdpsulas por 
dia! Outros, com teores semelhantes 
possuem recomendagdes como “uma ov 
meis drigeas por dia”, “trés ow mais 
por dia”; as proposicécs assim vagas 
Ievam 0 médico pouco afcito ao pre 
blema ¢ os pacientes 4s doses franca 
mente tdxicas em curto espaco de tem: 
po, E também o caso de nomes seme 
Ihantcs como, digamos, “x com vite 
minas” ¢ "x simples": 0 primeiro for- 
neceria, por si s5, trés vézes os teores 
dessas vitaminas que a gestante deve 
obter de {das as fontes nutritivas de 
que dispde. Pois jd vimio -olegas acon 
selharem o dddro dessa dose, talver 
truidos pela posologia Proporta para o 
“x simples”, que seria de seis comsprimi- 
dos por dia. HA um produto que che 
£44 propor para as gravidas a ingestio 
francamente tdxica de 10.000 UI dé 
vitamina D por dia. 


A desproporgdo centre as doses dev 


sas vitaminas, de un para outra pre. 


parado, mostra também o total det 
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conhetinento de , 
ck. ~ados. Se gy 
rat higide o., 
gata dez (1:16 
A, frespectivamenty. 
ofereee a natureza. 
proporgao existent, 
tos, sob pena de o. 
bolizagio da subst; 
tz ou, Jhado 9 p- 
uspecto, de nfo sz 
efeitos tdxicos, Por 
rian dentro dos Jir: 
nas alguns poucos c. 
maioria, a8 propos; 
— pussando por }:} 
— 1:5 — 1:2 — 
porgio “dose por , 
uns contém 2,5 de: 
pira uma de vitar 
outros para cuda du 
oferceem cinco de vii 
clusio € de que nic 
fe nO mercado ners - 
género que possa 5, 
Prescrito para uso f° 


Esté em tempo 
macéutica encarar oo 
¢ com maior critério 
ma de tamarha im; 
demais acrescentar ae 
Taussigt40; ei My ple: 
doses of vitamin D ,. 
and there is any pe: 
may do herny, du fol. 
if you cannot dv SO. 
harm", 


Quando se tornar 
a insensatez gue exist: 
doses clevadas de vy: 
cialmente para gestz- 
esta importante fonte 
Os laboratérios vai ¢: 
demora, Urge, pois, 
% atualize, colocard. 
classe médica {érmulis 


FORMULA 1 


Qual deve ser 0 4, 
duto vitaminico Para | 
Pecial de vitaminas A 
Se a paciente obtén 
normal aquilo de gue 
ha porque administear- 
los desnecyssirios: “J/ 
for added Vitaming for 
son cating a well bet. 
is the gual of therapy 
umn “suplemento” & hs 
Givel © a dese enterig 5. 
Centar, a contrasest0, « 
A nosso ver, a dass ae 
Um produto farmace.: 
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conhecimento de causa com que sie 
duboraudes. Se avs arpanismea se 
rent bigale com a prepetyae de 
wa pata dez (1:10) de vitaosinay De 
A. tespectivamente, que € 0 que nos 
ofvrece & Natureza, essa deverma yer a 
preprgaa ssistente nos medicamen- 
fos, Sob pena de acarrer mater meta- 
bel.zagao da subsiincia mais abundan- 
te ou, othady o problema sob outro 
apecto, de nao se antagenizarem os 
efeitos ldnicos. Por ésse criténo esta- 
nam dentro dos hinites desejiveis ape- 
nas alguns poucos désses produtos, Na 
maioria, as proporgdes vio de }:25 
— passando por 1:15 — 1:7,5 — 1:6 
— 1:5 — 1:2 — até 1:1,4. A pro- 
porgio “dose por dose“ mostra que 
uns contém 2,5 doses de vitamins A 
para uma de vilamira D, enquanto 
outros para cada dose da vitamina A 
oferecem cinco cz vilamira D... A con- 
clusio ¢ de Gue nao existe atualmen- 
te no mercado nenhum produto désse 
genero gue possa ser tranqiilamente 
prescrito para uso profilatico. 


Esta emi tcmpo de a industria far- 
maceulica encarar cer; mais seriedade 
¢ com mor crilério cieniifico proble- 
ma de tamanha importancia. Nao é 
cemais aciescentar aqui as palavras de 
Taussig@, “My plea is that, if large 
doses of vitamin D are not necessary 
and there is any passibility that they 
muy do harm, do fellow the old adage: 
if you cannot do good, be sure not do 
har”, 


Qeundy se tormar mais conhiccids 
a iMsensalez Que existe na prescricio de 
vows clevadis de vituminicos, espe- 
culmente para pestantes ¢ Jactentes, 
esa importante fonte de divisas para 
6s lahoraténos vai estagnar, Isso nao 
demora, Urge, pois, que a industria 
% atualize, colocando ao dispor da 
classe médica formulas mais corretas. 


FORMULA IDEAL 


Qual deve ser o teor de um pro- 
ulo vilaminico para gestantes, em cs- 
Pecial de vitaminas A e D, por dose? 
Sea paciente obtém da alimeniacio 
normal aquila de que necessita, nao 
hi porque administrar-lhe complemen- 
los desnecessirion: “There is no need 
lor added vitamins for a normal per- 
gon cating a well balanced diet, This 
iS the poal of therapy"), No entanto, 
wm “suplmento” & as vézes recomen- 
Civile a este eritério se poderia scres- 
*ehlat, a contracosto, 0 efcito placcbo, 
A hioxso ver, a dose pré-dose ideal de 
“al produio farmaccutico désse tipo 
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deve situar-se no limite ce 1/10 da 
recomendada como dose total por dia, 
isto 6, 400 UL de viluming A ec de 
40 UL de vitamina D. Essasgdoses per- 
milirao prands floxibilidade ferupeutica 
e uma muliplicucso adequada sem ris: 
co de intoxicacde, na grande maioria 
dos casos. Apesar disso, escapario a 
Esse limite de seguranga os individuos 
hipersensiveis (hiper-reativas). A mes- 
ma proporgeo deve ser ideal para as 
Ouiras vitaniinas, oO calcio, o ferro, os 
oligomincrais ¢ Quaisquer outros com- 
ponentes da formula. E preciso ter-se 
em mente que “dose profilitica™ ¢ 
“dose teraptulica™ sio conccitos diver- 
sos, que nio devem convergir. 


A prescrigho de doses elevadis de 
vitaminas ¢ irracional ¢ o abuso de 
scu emprézo cm afecgdes nao caren- 
ciais ttm trazvido sérios inconvenicn- 
tes(15.37.38.40), Pelo isco que pressu- 


pocm, os prodiios farmacéuticos con-° 


tendo doses superieres as fisiolégicus 
deveriam se acompanhar de inscrigéo 
destacada, 
por parte de gestantes ¢ lactentes, 


COMENTARIOS 


E sabido que ha individuos porta- 
dores de afeccgSes carenciais rebeides 
a terapcutica, Entretanto, ésses conta- 
dos casos nio podem servir ¢2 oricn- 
tagio na tabricagio de medicamentas, 
quando sc pretende “penas suplementar 
um hipotético deficit, isto é, utilizar o 
medicamento ce forma preventive. 
Tanto mais que ad também os casos 
de hiper-reatividade, que podem cvo- 
luir para o éxito Ietal — ou sofrer 
graves conseqiéncins orginicas — 
mesmo com doses reduzidas de vita- 
minicos. 


E possivel que os danos causados 
pela vitaminoterapia intensiva nao 
tenham sido maiorcs, porque se sabé 
que as vitaminas A ¢ D se antagonizam 
em alguns de scus efeitos, Mas é evi- 
dentemente absurdo pretender-sc, com 
€sse argumentc, oferccer ao paciente 
dois venenos de uma sé vez, ao inves 
de um. O organismo se defende da 
agressio: “The body recacis to large do- 
ses of vitamins as it docs to poisons 
by eliminating them in the urine, by 
inactivation or by chemical decompo- 
sition’, Quando néo o consepic, de- 
Scncadciam-se a intoxicasio ¢ o@ dano 
tissular, 

Inadvertidamente, os médicos — 


arrastados pela intensa propaganda la- 
boratorial — impuseram o falso con- 


cesaconselhando secu uso 


ceile, no piblico em eral, de que téda 
yiavida Cove tomar suplemento vita- 
mince. birtacasenic, tunbom julgas 
Tam estar se servinda apenas de um 
efeito placebo, a0 prescreverem § vita- 
minas para toda ¢ qualquer qucixa da 
paciente. Parafrascando Besa; "J 
don't know what to do, Vitamins 
won't hurt, Let's try some vitamins", 
Esses faios tendem agora a se racio- 
nahizar ¢ divulgar: ultrapassando a pes- 
quisa pura, comegam a ser discuticos 
¢ esclurecidos nos livros de texie’4 *” 4) 
¢ Mc3mo 1s revistas ¢ jornsis popu- 
lures, atroves de suas scegdes de divul- 
gugSo médica’. Antes que se generalize 
© conhccimento sdbre a extensio do 
dsno que estd sendo causado pela vi- 
taminoicrapia intensiva ¢ indiscrimi- 
nada, convizia que os laboratérios se 
antecipassem, com propaganda bem 
Oricutada, ofcrecendo produtos com 
fo.mulas que esicjam mais de acérdo 
com o que aponta a pesquisa atual. 


CONCLUSOES 


1) Nenhum produto farmacéutico 
& base de vitaminas, atualmente 4 dis- 
posigzo da classe médica, oferece se- 
guran¢ga na prescrigao. Conttm, todos, 
doscs que sio altamente deletérias, es- 
pecialmente os destinados 4s mulheres 
gravidas, lactentes e criangas, 


2) Urge que a.industria farmacéu- 
tica atenda 20 chamameato da pes- 
quisa, atualizando as férmulas de seus 
produtos manufaturados, deatro dos 
padrécs apontados. 


3) <Até gue isso ocorra, cumpre 
aos médicos ¢ As entidades de classe 
favorecer ampla campanha no senti- 
do de esclarecer a populacgio ens geral 
quanto aos maleficios da ingestao in- 
discriminuda de vitaminas lipossoliveis. 


RESUMO 


O autor analisa produtos farmactu- 
ticos atualmente cm uso por parte das 
festantes, cujo conteddo em vitaminas 
Ac D julga excessivo. Mostru 3 possi- 
bilidade de se correlacionar ésse fato 
com o cescnvcivimento de anomalias 
fetais, como se tem observade tanto em 
clinica humana, quanto experimental- 
mente. Partinde do pringipio de que a 
gestante Alo necessita obrigatoriamente 
de “ suplementys vitaniinicos” além do 
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que ebiem de una alimentagao adequa- 
da, propee ‘que os Inboratarios farma- 
Eoutigds panhanr a disjvaiyso da classc 
inddica prodautes que contenham 400 
¢ 40 UD par dose de vitaminas Ae D, 
tesus doses permitizio 
fiatate eve ie terapcutica ¢ mul- 
Waicasao weequada, sem risco de pro- 
“Necarem intoricagao ou fctopatias. 


BEAL 


RISUME 


Vitaminothérapie ct malformations foe- 
fates 


L'auteur analyse des produits phai 
maceutigues en usage actuelicment par 
des feasmes cnceintes, dont Je contenu 
de vitamincs A et D il juge excessif. 

I) montre la possidilité de se tenir 
une coriélation entre ce fait et ie dé- 
velopperment des anomalies foctales, 
ce qu'un a observe soit chez la clinique 
humaine, som dans les expérimenta- 
tions. i 

A partir du principe que la femme 
enceinic n'2 pas oblizatorrement besoin 
dey “suppiéments vitaminiques” outre 
ceux gu'etic obtient d'une alimentation 
conferme, i} propose aux Jaboratoircs 
pheon cities de disposer & 17 clas- 
se médicale dos produits qui conticn- 
nent 400 ct $0 Ul de vitamines A ct 
DD, respectivement par dose. Ces doses 
permeitront une grande flexidilité the- 
Tapsuusuc ¢t mulhiplication adéquate, 
sans risque de provoquer intoxication 
ou foctuspathics. 


" SUMMARY 


Vitamin therapy and fetal malforma- 
ticns 


The author discusses the pharma: 
ceutical products presently used by pre- 
fhant women, “hase vitamin A and D 
content he considers exeessive. He 
demonstrates. the possibility of corre- 
lating this fact with the development 
ol fetal anomalhes for it has been ob- 
served in hunan beings as well as expe- 
Minentally. Based on the fact that a 
Piernant woman does not necessarily 
heed a ‘vitimin suppicment’ in addition 
to what she normally receives from an 
adyquate det, he proposes that the 
phatmaeccutical Iaborstorie, place on 
Wie market precucts containing 490 
wed 40 UP per cose of viearain A and 
D respectively, These doses will permit 
we oysester therapeutic flexibility and 
advquale mutiphcaten without the 
tsk of aalucing intearcations or fetal 
anaoinalics. 
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Ass cer Abnidune ist tindceviig zu erschen, 
cron ce Wiraung coos tlutdruckstei- 
Suradrenaiins wie Such aen Efickt des biut- 
Craemsenacnccn Isoproterencis verstarkt, wauhrend es 
Gen EMeat cer Carozis-Sirus-Entlastung fast ausiuscht. 
Actefaum Verheit sich in dieser Versuchsanordnung 
Grr ecso wie Noradrenalin Die Atbiuidcng zeigt cindeu- 
2 Hydergin nur die vesumotorische Regula- 
Th eucestiwecht byw gestert ist und dal infolge die- 
sur Stucsrz suwonl Prtasoriscne wie such depressuri- 
Rte Versterkt in Er-nemung treten. Die Ab- 
RerGehs ct wester, da& sucn des im Hydergin vor- 
he crce Gemasch der 3 hydricricn Alkaloide der Ergo- 
loaneTsppe nian eine cndeutige blutdrucksieigernde 
WiTkUngsKOMmpunenie aulweist. 

atu..curg 2 zeigt die Wirkung von Ergutamin 
) an einem Versuch nach Entzuglungshuch- 
ty une Lexupitierung (2. Versuchs- 
2. Versucnsuuschnitt wurde vor der 
Erzutamin vine Jertieufende Deucr- 
ug eg Min. Noradrenalin eingcleitet 
Ereviem.% Worat Kier in cincr Dosic TUNG von 25 ug kg 
Wileseres Dom Entuglungshochdruck blutdrucksen- 
Aer, wehrend es ber dem durch cine Deucrinfusion 
: herbeigefsnrtien Hochdruck keine 
Dieser Versuch Gurfte esndeutig zei- 
whan der rier gewsniten Dusicrung 
he edrenulytische Wiraung ausubt, aber 
ent aul den tunh die Entzugiung 
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Tetelie 1 Mittlere wirksame Dosierungen von Mut- 
teraoruaixaloiden gegenuber der Carotis-Sinus-Entlasiung 
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Eindruck irgendwelche Schlusse yu Tichen. Siginp “tat 
jedcnfalls, dali die Wirkung der hydricrien Alp - 
fanz allgemein schwécher ist als die Wirkung 6 ¢ 
nuinen Alkaloide. Die starkste Wirkung Tel fen. 
sichtlich das Ergocristin, demgegenuber zeigt Dy’: dro. 
ergotamin die relativ schwuchste Wirkung SCS: “Uber ' 
der Curotis-Sinus-Entlastung. Der Vorteil der he trier. 
ten Alkuloide (geringere geluSverengende Wirkun; w 
durch cine schwuchere Wirkung auf dic zentrale teig. 
laulregulation ausgeglichen. Es ist demnach nie, 
bedingl sicher, dai die Einfohrung der hydriert: , ay. 
kaloide unbedingt und in jedem Falle einen the ‘Dev. 
lischen Fortschritt bedeutet. 
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Eindruck irgendwelche Schlusse ru zichen. Siche; 
Jedenfails, Gud die Wirkung der Sydricrten Alk Joide 
Sanz allgcme.n s@iwacher ist ais die Wirkung ¢+ ge- 
nuinen Aikaloide Die starkste Wirkung zeigt flen. 
sichtlich das Ergocristin, demgegenuber zeigt Dit vary. 
ergetamin die relativ schwachste Wirkung geg. siber 
der Carotis-Sinus-Entlastung Der Vorteil der he ‘rier. 
ten Atkalo.ce (zeringere gcfaBy erer.gende Wirkun: 
durch cine schwachire Wirkung auf die zentrale .reig. 
Jaufregulation ausgeglichen. Es Ist demnach nic’: ug. 
beding! sicher, daf dic Einfuhrung der hydriert: ; Al- 
kaloide unbedingt und in jedem Falle einen the .pey. 
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Diskussion 
Eine weitergchende Diskussion diirfte sich « abri- 
gen. Der Wert der vorliczenden Arbeit liegt u.F day. 
in, GaB aufgrund ihrer Resultate die meisten fr. eren 
pharmakologischen Arbciten uber Benuine und hy rier. 
te Muticrkornalkaloide mit zu hohen Doste: igen 
durchgeful.rt worden sind. 


Zusammenfassung 


Es wird uber eine Versuchsrcihe berichtet, b der 
Seringe Desicrunger. genuiner und hydrierter Wi ‘ter 
kornalkaiowde = =gegenuber der Carotis-Sinu im. 
lastung. Noradrenaiin, Adrenalin und Isoprot engi 
cingesetzt wurden. Die Arbeit zeigt, daB die hi ler- 
kornalkaloide in Dosierungen unter 100 neki iv. 
beim Hund in Morphin-Chioralose-Narkose eir in 
tensive Dampfung. der Kreisisufregulation hervor: fen: 
eine eindestige adr nolytische Wirkung kann icht 
festgestellt werden. Es wird eine Tabelle der mit 
wirksamen Dosierungen der Mutterkornalkaloic 
genuter der Carotis-Sinus-Entlastung angefuhrt. 
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Moursi Ali: Centra} S)mpathicus suppressie: 
adrenolytic effect of genuine and hydrated ergot 


ee Summary 


In a series of experiments small dosages of genuls. 
hydrated ergot alkaloids were used in comparison 
Roradiensiin, adrenalin and isoproterenol. It was + 
that ergot alxalcid: in dosages ander 100 wg kg int 
Aously cause in dogs with morphin-choralose narco: 
intensive suppression of the Circulatory regulation. ° 
Was NO Ciesr acrenolytic effect. 
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. 


i Seidler—N: 2 Abbildungen und 1 Ubersicht 
» Ser Instat for Phermakclogie, 
sustor Prof Dr. K Kaermmerer 


Allgemeines 
finder sion w.dersprochicte Anga- 
¢ Dovereng ven Vitamin A um tera- 
& Cohlen 11553) 
en Raven star mehrere 
C$ ere Stss vor 3500 LU. einer 
2 A-Lesung Es erk:el: verzingerte 
vecethaSlie Foren. itoud und Mar- 
@2 25S. versbre.cuen Wistarrattes von 235 g vom 
-$ tS. Tag cer Gestation per os Giiges Viiarmin A in 


Toxikvlogie und Pharmazie der Tierarztlichen Hochschule Hannover - 


einer tezlichen Dosis vor 35000 I. U. Alle Feten w.ren 
abgestorben und resorLicrt. Ja einem weiteren Veno® 
wurden iazisch 20009 1. U. uber 12 Tage gegeben. Ne 
ben cizem hohea Prozentssiz von Resorpuonsstc | en 
fanden sic 59% der Feten m.fgebildet. Die Appi:ha:.aa 
von 3¢ GOOG) 1. U. an drei aufleinarderfolzenden 7 
gen ergaben ua. Ancneezhalien, Gaumenspalten vad 
Arophthaimien (Giroud — Martinet, 196). Fi- 
lippi (1936) verabreichie Vinamin A-Palmitat in ol 
Ger Lésung am 31, 12, 13. bew. 14, 15. und 16. Tag art 


Ditech Werarat; Weenr. 33, 25—n6 
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Ubersicht: Dosicrung, Zeltpunkt dev Applikation und Bcfvade ascs Vitamin-A-Gabe 


Versuchstiere Dosis in 1. U. 


3x 60000 
3x 80000 
1 100 000 Ke 
1 x 120900 16, 
3 X 120 000 1, ll. 


Sitges 
Viternin-A- 
Valmitat 


2 X 120000 12, 13, 


2 x 600 000 13., 18, 


a. | 


2 * 600 000 
2 « 750.000 


14, 18, 
12, 13, 


@liges 
Vitemin-. 
sentomh 


| 


Ges tion in einer Dosicrung von 60000 I. U. In der 
ersi_ 1 Gruppe fand er zu 88%» Gaumenspalten, in der 
rwe on Gruppe zu 100%. Auch Wilson (1965) weist 
auf ie teratogene Wirkung des Vitamin A hin. Nach 
die: 9 Angaben licgen§ die Gesamtdosen, die 
Gi oud — Martinet bzw. Frlippi spplizierten, 
zwi hen 180000 und 385000 I. U. dligem Vitamin A, 


um embryotoxische Wirkungen hervorzuruien. Aus. 


di m Grunde schicn es angebracht, diese Werte noch 
eirs a] zu Uberpnifen. 


Methodik 


ir diese Versuche standen mannliche und weibli- 
du Vistarratten (Brunger Wistar I]) ‘im Verh&ltnis 
14 ar Verfugung Die Haltung der Tiere erfolgte in 
abd, lunkeclien Isolierstallungen mit einer eingesteliten 
Ra ..cmpcratur von 22 + 2°C bei cinem Lichtpro- 
gre m von 12 Stunden. Als Behaltnisse fanden Ma- 
kro nkdfige mit emer Einstreu aus Hobelspiinen Ver- 
wo iung. Wasser stand in Trankflaschen ad libitum 
aur ‘erfugung. Gcfultert wurde gemahienes Schweine- 
auf achtfutter des Raiffeisen-Kraftlutterwerkes in 
Au ch. 

ie Ratten wurden nach entsprechender Eingewoh- 
nui :szcit (Gewicht: 2 4 ab 250 g. $9 ab 180 g) jeweils 
uw Nacht gepaart. Konnte bei der morgendiichen 
S@ idenadspektion cin Vaginalpfropf oder -belag fest- 
ges lit werden, wurde das entsprecher.de Tier gekenn- 
tev cnet und gewogen. Dieser Tag wurce als 1. Tag p.c. 
fo coftum) bezcichnet. 

itamin A-Palmitat stand als ,,A-Vicotrat*~ 
ok sum (Heyl-Berlin) zur Verfugung. Oliges Vit- 
am. A-Acctat wurde von der Firma Merck-Durm- 
fa. besogen. Die Behandlung wurde in verschiedcnen 
De shereichen zwicchen dem. und 15. Tag p.e¢. vorge- 
horsmen (s. Ubersicht). Die cinzeinen Dosen wurden 
@ mit Hilfe ciner Stuhlsonde appliziert. 

\m 22. Tag p.c. erfolgic die Gewirinung der Feten 
@u th Sectio caesarea. Adxpektion der Feten suf 
wy re MiBbildungen und auf Gaumenspalien unter 
4:1 Lupenmikroskop schlo8 sich an. Weiterhin wurde 


&: sesamte Wurl nah Kaemmerer und Seidler . 


Q! ¥) geronigt und mit Hilfe eines .Kindermann-Be- 
tt htungsgerstes™ ausgeweriet. 


Befund 
In der Dosicrung von G0 000 I. U. Vitamin A-Palmi. 

a1 pro Tier — jeweils an drei aufeinanderfolgender. 
Tu2en — kornicn keine miSgcbildcten Feten beobs~a- 
\et werden. Auch eine Erhbhung def tagiichen osis 
aul 80 000 I. U. licB keine {clotexische Wirkung -rken- 
Gen. Erst die orale Applikation von je 120 000 LU. Vit- 
ania A-Palmits* am 36. und 11. Tag p.c. ergab einen 

H 


Tas p. c. der Applikation 


Beobechiete Verindenmgen 


13, 12,33, / 12, 13, 14, / 13, 16, 8, 
8, 10, 11, : 


1 Wurl: Exophthalmien 
mibgebildete Ohren 


remem ender ene ee 
Sessa serine 


3 Wurf: Gaumenspalten, 
Knochen der Vorder- und 
Hinterexts. verkirzt 


Abb. i: Fetus undchandelt 


Wurf, dessen Feten Exophthalmien sowie Ohrendefor- 
Mationen aufwiesen (s. Abb) Gaumenspalten und 
Knochenverkurzungen der Vorder- und Hinterextremi- 
taten wurden bei samtlichen Feten eines Wurfes 
— nach Be «.andlung von je 660 000 I. U. Vitamin A-Ace- 
sat am 12. und 13. Tag p.c. — gefunden. Eine Erhéhung 
der Dosis auf je 750000 I. U. fuhrte zur Resorption 
aller Feten. 
Diskussioa 

Im Gegensatz zu den Ergebrissen von Giroud — 
Martinet und Filippi konnien nach dreimaliger 
Applikation von 60000 I. U. brw. 80000 I. U. Vitamin 
A-Palmitat miGgedildete Rattenfeten nicht beobachiet 


Abb. 2: Vitamin A-Pelmitet per es. © u. 31. Tag p. ©. je 
128 688 1. U. 


Diem. terse. ‘Wechs. t8, Bb 
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Gabe von 129000 abachtct werden. Erst die zweimalige Behandlung trac. 
tiger Ratten mit je 120000 1.U. Vitamin A-Palmitat 
regrad crreichien, der bzw. 660 600 1. U. Vitamin A-Acetat ergab miGgebildete 
de. Ezneblich hohere Rattenfeten. : 
zu sein, um M:Sbil- 


slten. Hierbei Seidler, M.: Cortribution to the problem ef emvzye. 


é icl f vitami 
wie Ratenstamm Zee OE vitamin A summary 


: m cae Verwcnarts In contrast to the literature teratogenic effects were 
ait gelassen werden.*) net ouserved after threcfold administration of 60 00 !. U. 
vitamin A pulmitate in rats. After the (wice rey. ated 
Zusammenfassung treatment of pregnant rats with 120000 LU. ov. mia 
Angaben in der Litcratur cpa is or aaa 1. U. vitamin A-acelate mall: -med 
nen oraicn Appiixation von Fal fetuses OC euree: 
almitat be: dem verwende- Schrifttum 
Conien (1953) ait. aus Ka.ier, H. (1068): Teratology the 
Central Nervous Svstem, The University of Chicaro Pr 3, 
a q prans Fiiipp.. B Gsie: Minerva Chirursica XI. lee. 
ng wird von Nolen G®9) Giroua. 7. unc M. Martine t (9s: Int. Zeltecnr, 
lece micht ner hinsichth@ Forscnunc %. 10-18 — Kaemmerer. K. und M. F 
wlou¢engen, soncern auch bei fet G¥it1 Disch herarzth Wacnt. 7, aeale —NEt 
ing * . GA (ish: Fo. Cosmet. Toxicol. 7, 200-216. — Wilser. 
Gunsen In Ger Nechkommen- (ers), Teraiology: The University of Chocago Press. 
cgation Von wadr.germ Vitamin A 


Ancchraft des Verfassers: Dr. M.-J. Seigler, J Ha . 
Bischoisnoier Damm 35. 


Thermovision als MeBsystem in der Pharmakologie 


Von K. Kaemmererund S Buntenkétter — Mit 4 Abbildungen 


Aus cem! tut fur Pharmakologic, Toxikoiogie und Pharmazie der Tierarztiichen Hochschule Hannover 
Derextor: Prof. Dr. KR. KRaemmerer 


Vorbemerkung cinem spezicllon Detektor fokussiert, der scinersc: 

Les Zest bemuhen wir uns im hicsigen Strahlung in clekirische Impulse umwandelt. 
mechoden vur Erfassung vegetativer werden in Ger Bildwicdergabceinheit verarbeitet.  ctt- 
rae nanen. erbel erscnesnt uns tere besicht aus cinem. besonders gearbeiteten ' suil- 

> Gc Austace einer isoherten Joskop zur Wiedergabe des Waurmebildes auf dem sild- 

reines Organ beschrank- schirm. Fs gelinct, Warmetcnungen Ger verschi: den- 
beceutsam ais dic Aus- "C7 Art rait Differenzen bis zu 0.2 C direkt zu 
: amtkorper des Tieres meStec- sen, scibst wenn sie auf Oberfiachen verteilt sine 
wereen xana Wenn man von den Hilfe von cinzulegenden Isothermen ist cs my 
registries die verschiedenen Bezirke cinandcr qi vntitativ 
3 ga vanischer ordnen und zu bewerten. Das Fernse’ system m: 
Eiexirodermutccremmes und der fraroiempfindiichen Warmedetcktoren auf Indiur. 
elscerger, 5452: Franke u M, timotiid-Basis erlaubt die schnel!., ohne Zcitfakt 
}a37. Fanitsceh, 1S; Polzer. beitende Warnehmung verschicdenster Warmel 
bictet sich Gie Tnermovision als ergone die ihrersests durch zum Auicoahmererat Reh: 
ses uns jedoch am Veriouf Kamcracinrichtungen sericamaiss, ookumentiert. 

fotografien oder gefilmt werden xornen. 


sys yee 
we 


a ’ e 
eek wea Anw endungsdereiche 
¢ Plene sowie unsere Offens:chthch bleibt die Thermovision in ihre: - 
: ciesern Sysicm in der Hoffl- wendung nicht auf industriclle Zwecke beschran In 
a3 sie enderenoms ais Anre- der kiinsschen Medizin eroffnen sich bereits rcs 
ng zuzeiuhrt werden = Sante Asperte, die von dcr Tumurdiagnostik uly de 
cnden Verhalinise  Erfassung von enizundlichen Prozessen, von L: and- 
gencommen werden konnen. wenden und Frosiscnadcn bis zur Prufung der Le ns: 
fahigxeit von Hauttrensplantates une vielen anc rem 
mehr rexten (sieke auch Notter u. M, 1968; WeRe 
ner, 13€5). 

Im Rahmen der Veterinarmedizin wurden Ei, une 
dungsprozesse an Schnen und Schnenscheiden bet 
Rennpferden kiinisch untersucht und der Ther bg 

2 verlauf kontroihert. Diese Untersuchungen sind « 
pS nicht publiziert. sie wurden an der Vaiwersitat She 

cine Teiltechnix der jjeim durcheefohrt (mundiche Mittcilung des ler 
reEnhe:ten besichen — steilers) Inzwischen erschien im deutschspracis Be 
feck euch este Aruet von Leia (570) uber Lich 
thawata dient cum echnelien  Suchengen om Genitaispparst. 

Wir hatter orazise Plane, de durch Erfassen #0" 

lischer wie tor ischer Versenge in mancher H 
far Theorie und Praxis Letoig versprachen. Der Vorted 
hatte unvestr.luen darn gelegen, Melwere ven Taree 


ige Moglichkeiten 
axologischen 


Dies. Ler are. Woecht. Th 355-5 
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Abb 1: Oden: Beispiele fir 
des* -rhalicn der Kaninchen- 
oar nach Pyrifer 0,2 ml 
Sur ¢ V1 i.v. vor, & Min. 
wad 9 Min. post inj. — Un- 
ten: ‘eispiele fiir das Verhal- 
ten -r Kaninchenohren nok 
Phe jlaethanoleminsulfat 2 
mg: i.v. vor, Ys und J Min. 
post inj; ,Streifen” = e1n- 
relegte Isothermen 


halten, dic keinem Zwang unterworfen worden 
“a: n, cin Fehler zahiloser Versuche, deren Puictte 
sor: ler Stress-auslésenden Fessciung liber die Zwangs- 
¢ bis zur Narkose reicht. 


enn man unterstellt, dafi zahlreiche Funktionen 
¢rganismus vegetativ Ubersteucrt sind, so wird sich 
als Ausdruck der vegctutiven Ausgangslage auch 
Stoffwechsc] kundtun und mit ihm die Korper- 
vratur variicren, Hier kann wiedcrum das Gesamt- 
vemuster genauso bedceutsam scin wie dic ortliche 
ilarfunktion, die sozusagen als wMeBstelle" figu- 


 ssner mangelte es im Rahmen der Veterinarmedizin 
isgnostischen Mogtichikciten, vegetative Resktions- 
1 zu erfassen. Die vegctativen Dystonicn wurden 
tanzen, so als ob es sie nicht gabe, obwoh! vieliercht 
de das Schwein dic Funkiicn cines Manogers im 
stall Ghernimmt und extreme Umweiltbclastungen 

ii tem .Herztod™ quiltiert. Dic Messung vegetativer 

. Asonen in Verbindung mit den Aussazen isolicrt 

rollierter Orgune (EKG, FEG, Respiration) weist 

. acherweise neue methodische Wege such fur Ante 

n vul umwelibedingte Verhaltensreaklianen. Es 

“ int nicht als ausgeschlossen, reziprok innervierte 

unge zu analysicren, dic sympaticotone Tempera- 

‘eigerung als Ausdruck bestimmicr Stoflwechecl- 

laa in spezicller Weise zu registrieren oder Angrifis- 

pul.<te krisenhafter Kreislauforlastungen am periphe- 

ten Reaktionsverhalicn der Huutkapillaren aufzu- 
deren. 

_ VieNeignht gelingt ¢3 in diesem Sinne cinmal, die 
bislung nicht beachicten vegetativen Rickbezichungen 
ttwa zur Acctonacmie der Wiederkiuer sufzudecken, 
tie zy messen im hicsizen Institut jedoch keine Muglich- 


WOCHENSCHRIFT 


keiten bestanden und bestchen werden. Es bietet sich 
geradevu cine funktionclie Kette an: Gclbkorperphase 
— sympathicotone Stimulicrung — Leistungsphase mit 
Laktation (vg!l. zB Tiere mit Laktationsge!bkorper') 
— Stoffwechsclenergieverausgabung — synipathicotone 
Alkaliceserveverarmung — Acidose bei evil. gieich- 
zeitigcr Elcktrolytverschiebung. 


Folgende Untersuchungen erscheinen im Rahmen 
pharmukologischer Fraccsicllungen als interessant: 

1. Das allgemeine Warmemuster als Auscruck Ger 
vegclativen Ausgangsiace. 

2 Dus lokale Warmemuster als Ausdruck einer spezi- 
ellen Reaktion (Verbrennung, Enuitindung. Sdiock, 
Wundhcilung u. a. m. (Abb. 3) 5 

3% Pyropentesie und Ficberreaktionen bei Infekten; 
Hy, .othermie (Abb. 7 u. 2). 


4. Reaktionen auf spezicite therapeutische MaSnahmen, 
wie Wasnebchsndlung, hypceramisierende Salben 
und Antiphlogistice. 

8 Die Messung des Warmeverhaltcns an Ganztieren 
als Ausdruck von Sloffweehseigraiien anstell¢ vor 
— odcr kumpensicrend zu — Respirationsversuchen 
{Faktoren der Ticrernéhrung). 

6. Dic Messung der Bedeutung von Umwelifaktoren 
in der Hausticr- und Versuchsticrhaltung wie etwa 

* der Wirmeverluste durch Abstrahlung im Draht- 
kafig (Abb. 4). 

In Verbindung mit kiinischen Vorgangen wurde das 
Zusammenspicel hormonsler Phasen mit den korre- 
spondierenden verctativen Stadien interessieren. Hierze 
zbhicn 2. B. de Ovulatonsphase, die Corpus lutcum- 
Phase (vgl. Basaltempcratur bein Menscher,;, der Ei- 
legevorgang beim Huha. der Eintr:.. . Spastaier 


Disch. ierrztl. Wedw. Mh, 35-56 
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ANIMAL MODEL 


~ FOR Gross Congenital Malformations 
HUMAN DISEASE ‘ 


ALT ALOT LT, 


en aenteennemiand 


Animal Model: Treatment of Various 
Species with a Large Dose of Vitamin A 
at Known Stages in Pregnancy 


e . 
4 bch Sicip academe a: 9 amen ese ee SENT 


Contributed by Ray E. Shenefelt, MD, Children’s Hospital Research Foundation, 
Cincinnati, Ohio 45229. : 


Biologic Features 


manne a bow 5S 


Large doses of vitamin A given to pregnant mammals produce many 
types of gross structural malformation in high incidence. This is true 
in the rat, mouse, golden hamster, guinea pig, and rabbit, and in limited 
experiments on monkeys, pigs, and dogs. The types and incidence of 
malformations depend on stage of pregnancy and dose, and to a lesser 
extent on species and strain. Doses used are hundreds of times the daily 
requirement. Most investigators use multiple treatments, but it is row 
clear that a single administration is just as effective if time and dose are 
chosen carefully. This model was discovered in 1953, and there are 167 
panes on hypervitaminosis A terategencsis in mammals in vivo (a 

ibjiography is available from the author). 


{ 
| 


Nccaeer 


Comparisons with Human Discase 


Malformations produced by hypervitaminosis A mimic human mal- 
formations of genctic, environmental and unknowh causes. Malforma- 
tion types can usually be divided into subtypes that vary in details of 
morphology and morphogenesis, and it is not possible at. present to 
draw exact parallels between subtypes of most human malformations 
and experimentally produced malformations.° More than 70 types of 
malformation are produced by hypervitaminosis A. In the hamster, 18 
types could be produced at more than 90% incidence, and 28 types at 
10-90%. Some of these are shown in Figures 1 and 2. 


. 


® 


Publication sponsored by the Registry of Comparative Pathology, under the auspices of 
the Universities Associated for Research and Education in Pathology, Inc., and supported 
by grant RROO30) from the US Public Health Service, Division of Research Resources. 
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Fig 1—Left, normal near-term hamster fetus. Right, hamster fetus after retinoic acid 
(vitamin A. acid) at 22-26 somite stage shows cleft lip, digit reduction, no tall. Middle, 
4-weck-old hamster after retinvic acid at presomite stage shows situs inversus. 
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Fig 2—A litter of hainster fetuses after retinoic acid at 5-9 somite stage. Multiple rast 
formations include sympodia, exencephaly and omphalocele. 
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Structures affected (and analogs of some human malformations) in- 
clade the following: brain ( anencephaly), spinal cord (spina bifida), 
face (cleft lip, cleft palate, micrognathia), cye (microphthalmia), all 
parts of the car, {eeth, salivary glands, aortic arch (1alformations of 
several types), heart (ventricular septal defect), lungs, gastrointestinal 
tract (imperforate anus, omphalocele), liv-r and gallbladder, urin 
*ystem (renal “agenesis,” hydronephrosis), Eenitalia, pituitary, thyroid, 
thymus, skull, vertebrae, ribs, extremities (phocomelia, digit -oalforms- 
tions), muscles, and situs inversus, 


a 
e 


Usefulness of Model 


A potential ase of the modci is the study of sequential stages in the 
morphogenesis of malformations. Alternative routes of morphogenesis 
are readily conceivable for most malformations, and have been demon- 
strated for some. Sequential studies have been done on a number of 


hereditary malformations. There are suyrisingly few studies of the 


morphogenesis of malformations after treatment with a teratogen. The 
malformations produced by hypervitaminosis A that have been sequen- 
tially studied are microphthalmia,? inner-ear malformations,? anen- 
cephaly,* hydronephrosis* and cleft palate.* The high incidence and 
known time of treatmcat are advantages in these studies; simultancous 
effccts on other organs with possible sccondary effects are disadvan- 
tageous, The multiplicity of effects is an advantage in studying rela- 
tionships of malformations. The biochemicai basis is not known for 
the toxicity of vitamin A, or indeed for most of its physiologic funo- 
tions,.so other models are better at present for studying biochemical 
bases of teratogenesis. Necrosis* and prolongation of cell generation 
time’ have been described in treated embryos, but the relationship of 
these and other changes of cell behavior to malformations have not 
been clarified. Some newborns with malformatio:s from hypervita- 
minosis A can be raised but this has not been systematically explored. 


- 
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HYPERVITASUNGSIS 4 AND CARQOTENEMEA 


HUGH WwW. Joserus, wo. 
Bak TY RSE 


The effcet on man of the ingestion di laze 
aieamite of cautine has been the -wbicct af wuay 
gievtes im the gatet tacitly peare, Om the other 
harsh, Kisewlodze of the results of ever, age 
antl Vitamin A it aluont entirely confined tu te 
eects on fats and mere. The tek of capernnce 
otis hy pecevitancnyssie in won is cass te un-lers 
stutwl, witwe ouly artificial concentrates contain 
nificiont vitanwa A 1 be dangerous, amd the 
delty to olaain thew is finate dd Earty fetugms 
tea of the possiide dtauger cf hypers tami we 
hus Tuaitedd the cenphoy ment of exccrave wnoants 
witherspy. Meconer, te mice of saicty letwoen 
au adevuate propty Lactic do-e and a dangers 
shoe in very large. One sa'eguard is ‘ching, 
Hat agam’t the real of a persion who is “so'd 
roe” vitanuns. We fave revently observed a case 
in which cdthwoiaun far Ajiaunn therapy was 
prevent im 2 wether and evertually in her chuitd. 


Rurcet OF A Case 


History. —B. Ba 3 year dd bey of Jeaivk feferw ze, 
taed appeared weit up to the fail af 163M etre Se aay 
vet 16 mesats old AU that time bis apne ta Cn -e- 
wed and he scm to le divinliond to play, Sie 

* memthe later (May 193%) he had 2 sesere attac of 
@ @allitis, fe which he wae Qrea p fulies's for tee 
daya Tao meds aiter thin July 4, 1952, he bid 5 
emubleciomny full vwod by heomcert sce, alter which he 
futned thee trae fusca, A blad court dre sher 
the henner sige shoacd severe snnna ard 294 ahite 
vile pee eubec mallunever, of wlich 44 fl cert acre 
matory de The peticmt’s liver ard srlece were feud 
tr be entargel and cluiling of te firsces eas mted 
Mi thes ome be hat mab of tis hair, amd chat which 
atte back wes sparse. dey acd coarse. 

Dering the mat exght aeorhe. the chJ§ fled te 
mprne, and became of the enlisgins were ard the 
Setenme weevna te was aimitied te the Hirrit Lane 
He we for sity with the tutative divgnoses t Gam her's 
sbecave (March 1630). 

Ph, saad E sami: sion —When Oe patisse entered the 
lompeal im March 194% tis hae wae eparte, cry and 
fatine Coarse, aul epetmme art fre hat over tte boty 
mete ta Qing. The Crgine and toes were wighily cl i tad, 
Se was ple se: Wi w, bet tees a8 Ve increase wm 
am etatim aS 29 jaune aml the wleras were clear. 
The heart ad lunzs slowed an tomy. Tle big 
woe felt Pere tebe te cota mircm the ot ¢ Long 
herp and fem, The splom was calarce tort fom ued 
was palultc 3 um tatew tc tet mirc. The ca d's 
Letele nae $? cua (tout mcreal fae ae ace). 
Se 


This smi was aided by she Jota Heater Memasial 
Feoan the Di.portna.t of PeSairice of the Jehus tage 


bies omen g Sctund of Medaing aed the Marnet 
Be Jules iiepuns Mosstal 


Faberatee Pata — Vind 4 the esbay ee ver 
mmmernd midle } ia allie, & tet A eetrce 
bel tare ase thet bedbeemg erwslte; fat eg ef, “8 
we et beewlee| Cubic centers of Pheod: fee's ater 
weer tot ad db stra, ae Uall bese 1M mel ive ee 
VA we, twa bears 19) wg aerl thee beet Dl ome 
The tevelte fom mallicraine par beled Ose ome 
waters od td och) wo tive Merwe blesa oe tee were, 
fa-mame, Fh: Balf-beaw, 132; wae tome, 1; dee ore 
105, aed tere hours, 102, The en) theres te ~m!-r era. 
fre fate ‘costa ted) 955 6 mm we we bs on oe 
Artem amt new ta twa ethers The be wm. cane 
fest of hepame form te a thnecd mr retanty mid oe as 
hartetce of univhe eas Ba were: ed im cules the 
stots on the wine The Watscrmara sed tterruy 
Herts G18 Me oie peactron 

Ram cwmetsnn od thee clast amt shell -+ sed co 
ebrermaliie, tea tee uf rhe farks ora Nee 
wokriide wngulesty mo ete d emacwe la the 
peslarges ard ometcarpals the Cortce w24 extreme: 
thee ated the mesh Mary caverns apecace tte be Mam 
faud* The epephyses of the upper eis od the Seumers 
aud thu, were avuthd ia spaeara-ce, aed the to- 
tances Getwecm epy hyses and Caphjws mere oon 
than normal, There ecre Gve carpal centers dt aude 
fatem, welesiony that sackhtal devel percat was made 
vanes of the chald’s sxe le yearn, 

A twesey mas come ra a pve of bone, et untue- 
tenuicly the tows weed was from the oa la ks 
wo chaere ese dintused bo mantzer cay © ene om 
fmm: 38 3 retuit we are waal! 
mature of the alowornai process elit ocuerr: + im ee 
nantly om the upre extremities Uh ig Moers, 9 -: ie 
to state defintely tut the wastew Hed mm aong 
of Rypepnasia, me es Hate any ate @ of 
ten amodthehal cella “The erty abe -emilir wane 
Pte comente of the core iematere ces ct ths mms od 
steer ft wis ted ton che eres corame ot ah ded 
MNS Prete were rapes han stood, but ohre eae 
mo evaisove from the omy of amy prcters Ft mgt 
sause decalorheanion of te tame 4 

Cowrse — The case outta ung feature ef Ce evannie 
Gate that appeared te jt 13 & frends ctad gt 
fact a was the gevemants och eetent of vitae Le 
the werwn weak ay ws uld m4 onhaardy bec cn mre 
eusot fous te we hours afar iacnt4 ul ae cuctenee 
hse of mies AL Ou gr tbwerg the me tor, ted 
Wren at Oecismere of Tom J ews the of toe te 
set bad ceceied @ tessjeneinl of hatet Inet od @ 
dag (08 et SAO SP. ante of view ie VD wp ts 
We pecsert roe, Meeywer, he had om one @ ork 
the on) d..ectly fram the te Ce 

No GOD 30 se acpreere that the cre wight 
he cae of by pervnancvey Bae cd on Le ured 
orth metructioms thet beg atvehl ma be ginee sev ery 
vtonee A Impeoeweg was wel ae Welle tee 
te hs, te ape tice Sad wapere ad, th. acm Lal Weng 
weight and tug base bad Se cree be gee Soke @ em aly. 
Ry 4 ota od ee certs co ae uot M8 te 
Ponre of tie Mind eee seemed cad Ce ue a fk 
entices od the sermm was e'tles the urert ‘era af 
eopourity. Ceartem features treared & «. oe 
romance wae til elevates and the oo. + wm te 
Bere wt depeewad. Fer a theme alter * +10 wate 
charged foren the beopiad tha hdd whem + tie, 


Of vitweain A in the Uoal and (2) the 
posse miecheniony tle bealy cundoys te Protec: 
itself azainy the harnilul cilects of Overdonaze 
with viamia A, 
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eeeet eof ee bents of he erircuetien® Suns investi- reerntly teen reviewed,’ ia mvad only be tea leg 

wea A grert reported exuphttialuess,’ the cue of on here. i 

ous im ;- SON is wakmown; otlees stated specifically thas When vitamin .\ in Large ton pomre tuly 
aye Uny had never seen this result.? dows ‘vas Given by rats, Suse pice oe rats, 

occur. ;. _Histolugicaily twe features siane out, rareiag- 3 M8 im cholesterol are um wich ots ul te 

wever, j; tun ot the bones with extreme thismes of the MTU ocurteL! This rine Bie fey tens 

Bo the |, owstew* and increased depnrition of fat in the "fy. however, ant temiel to dia sear afer 3 

basis ;. muicukenbathelial culls, e-zecially in the Kuptler We. even whale the larse ps Pigg ade 

nica | culls of the liver and in the opleen.” There tas Ss EER" The saune etfeet 19 Leys of ia 


Covell sh teem considerable disazroument over the devece 

ed accumulation of “fat snd the extent of the 
bh, perplasiz ef the Feticalcurterlatial cells: some 
by Seatigators reparted shine fone,“ while une 
= AY « wither likened the histuh s® pature to that ob- 


koe H teed im eases of Sehalce-Cuistian disease.™ 
bee ty Other histologic c!anzes were noted by various 
) 4 authors, some of wlint muy be of comilersile 
! Z rignificamce if confirmed.  Sdine authors, for 
— , imetance, found eviicnce of mereased activity 
we «4 the thyrand gland * + One stressed increase in 
i if the basophilic ces of the anterior lobe of the 
sue fa popiry sis,” and hy partrophy of the i-tund tissue 

Yad the Pancreas wae reported by another® 

f Aithough the anatomic stuties have asually 


fen made on servercly intoxicated animals, cer- 
tain cf the chantzcs, @pecialy those in the reti- 
sulocndothelial clk, are knewa to occur also 
im animals less severely poisoned. This fact 
wadicates that such charges are the result not 
«la general intoxication but of a Process more 
+ scifically B880Ci ato! with excess of vitamin A 
lavestizations of the relationship of Overdusaze 
with vitamin A to fat Moctahulism tend to con. 
firm this suggestion. Since this subject has 
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wan Lens bet met in hen 
wous deficiency intenufed and Prolor-! he 
fesyonse,” and a simile hatha was ea shor 
puewunaia im infants receis I stone A 
\part frous this lipid reveticn, the effact of Scie 
wun A on phy-iulogic Praeses ‘as heen Urle 
studied. No eiect was ol-crved Ga the fnewa- 
Hon of dood ia animals.* The senen eaicirm sed 
posplorus acre ue affected, though there j 
an increase i@ excretion of calcium, which f 
attributed te “deerhification™ of the honey" 
The Uasal ‘netatedic rate was decmaed ® Ae 
observation uf cnnitcrable wpulence, f oa 
ofr, was thot function of the heer was ss Sree 
improved and then depeessed hy exce-sive vita. 
min A “i authors are agrerd ca the fet tf ag 
- Fecovery ws prouydt when the excessive make CY 
vitamin .\ is disecutinued, 2 
In contrast to the harmful rerats of crer- 
dosage with vitamin A, toxic cflects have mae 
been scen in animals after incetion of EXeetrne 
Srvounts of carotene; the ariuals Lave mut bog 
weight of died and fave o¢ shown any of the 
Outward manlestations of hy pers ituntimesia’” 
The changes im the wwtatelion of fat aml the 
histol-gic changes in the reticulvemlea! chal “tw 
tem,” espaciaily the itcrcare in the Morage od 
fat, are the same after the inguation ef canene 
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SOSEPUS—UY PERT IT. AMIXOSIS 4 AND CAROTEN EMEA 


|. But there pationts with the highest tevety of 
nti Catucns tewled wm grmeal ts hase the 
Lighent bevels of lipid. if a Lore comagh under 
4 C268 16 shalad ty elaain the eatreme vane- 


4, toon in Vahey which are encvuntered only umie 


qutholagic comlithes, it com lc yhown that 3 
* erelaton share exist.” Hemmever, the bck of 
£ shewnviraile oenistion in sual sence arwt 

walt mamal cuvtitions has ted several tle 
fT ENSte te semy that the lipels have any wegenti- 

sane IM PasutencAna.* 

fm 2 rexeut sturdy, it was foam! that durieg 
and alter pacunmma. the kevels uf candewe amd 
o4 bepid could Le woerelated when account was 
taken of the ‘azestion of canscmads and the 
me reqmred alier ingestion for acomnulation 
od the carutenuids im the loud. Whea caretens 
was given by mouth the rate of accumulation in 
the blood streaun depemtel i geueral on the 
towel of lipid dung the penal of Weenea” tp 
+ Fecent study of hyputhyroiiwn the values of 
scrum caracne were ivand to be vependeat on 
these of the serum fipid.@ -\ close relationship 
fetween Garutene and cholesterol has been 
~ressed, and it has Leen chimed that the yellow 
solor of the nodules present in xamthoma is due 
to their content of carctene.” 
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+4 the serum falls te an extremely low level 
gseus that the stores uf carotene ia the {24 
‘lepuit are only to a minional extent available 
fut maintenance of the level in the bloud. More- 
ewer, it has been found that thin people have a 
higher concentration of carutew m the fatty 
tewe than well meuriahal pei sous etch 
uwlicates that eveu when fat is metulised {rom 
slepots in the tisswes, carctine remains belicnt. 
Uhe fate of the carotene whict Hiapreacs fron 
the blow! ig not entirely known. Same uf it is 
* evadently deposited in the fany tissues, A barge 

fart is removed frum the circulation ia the liver, 
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Wood winters the mechaniam af teres al sere 
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tene te the determining fate, e-petaty im 
betes and bi pothyrodian”® Cunt mon 
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mitra, this hy potheus can hantty * ne 
disyroved. j 
Carctenemnia has been noted among Eurry 
Giving im the tropes, and Castel ant ( 
mrs” mentioned a conf: which dey ef 
schrolermatosis, which occurred oety at! 
level and disappeared wlan tie pacts 4 
fouoved to higher attitudes The Ost etd 
awn noed 


dent on cet cad without - In perchclecere 
buprovencent courte! ouly after te fatext, 
ziven small anwunts uf thyroul oun’ 
Lisinwon “* reported earutcremia a a rad 
pitiewts with chronic malaria who ha! tect 
aWogusiely treated. ; 
Egucts of Caretonemis, — XasSascis Cc 
Carctenenia tas Leen comalered eset 
harmievs, ite only syntvten Seng the dks 
aunt of the characteristic yelow coho 


* shim which generaily dixeppears 3s sae aq 


tevamille couditions hase bere corre 
Usually dhe yeMow odor varies wath the lew 


eartene in the bad, Let a cone purats 
is not always prewat A srking yrs 
Greets! rate is the abe oi 2 ree 


3S. Findd, 10. ont Yche im, =. R: Prk 
@ ote exper. Med 92:51, 14h . 

a Rah, Parieme Sruvrievace anf 
wart) Balti, Pose ulree ob Shaken! 

BD. (a) Uepaom 6%) wwe Ik £: Se 
OTe 8:1 PE bed Bowen, FP, acd Livin, 
Arche.  Vitamidveree, 8:12, OM 
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(Qanseu samt MoCaued #* amt then! olver- 
tates), Histol gw eveninatun shows thud the 
carwtcne 's found enestly in the superianad horny 
fayer of the skim aud that 14s coccentration be- 
cones less the deeper one guca® The fact that 
it ts peered in sweat and wluseous material has’ 
ted to the hy pothesis that its pre ence un the shin 
it ddepvilest om thin cacration amd ihe subse 
quent culdovy of the cartene uste the horny 
layer. Tes predvesinant acurreme in thee arexs 
in whith the heeny layce is particularly thick 
Oron which sweating is ment mgrked « patnes aud 
toles, forchead, na-olalia' ivids, aaidlzs and 
Sroims) woul! tend to bear out this theory, 


2 Increased Serum Lipils: Anderson and 
Soley* noted an increase in’ serum lipils and 
pronounced [aff in band umtuledic rate ot several 
Cailoruia farmers whe hed eaten vegetables in 
large amounts, The liver «as enlarged im 4 of 
the 9 patients, An incresse im serusu lipid was 
foted by two other umervers Lat, in general, 
Maile attention has been paid to the bloal opeds 
in carotenemia * 


3. Harmful Effocts: Same recent work 
throws Coult on the gererafl) acnepted harm. 
lessmess of Grtemema Seyucica™ reported 
weakness, los of wort and few Llcewl pressure. 
Tle was tmukong, buscver, of cases clserved in 
the tropics in which dint was apqurently muta 
factor; hence it is posable that the carotencmis 
#33 Koondary to scine umulerlying factor respoa- 
wble for the whale cupdition. Amierson and 
Selcy ryportd that the fiver was enlarged in 
deat hall of tein patients and that the rewoval 


of rose lavigal fran the Ukaal was slower tae 
eorma! 


A more certain essay le of harcolulness is fur- 
nistad by a case revently repertal by Henachen.t? 
A woman of 49 aquired a paa like craving for 
carrots turing an atteuy4 to cure “ancwmia™ with 
a vegstallc dat. Mie ae 2t03 Tarstats a soneth 
(about 2 poumle 109 Ke] a das), mostly raw, 
for six pewths, aul a gemtalized srothosiy cuts 
cesclopad. Ste ate canptainest of purethesas 
of the hauls amd fet She wae thei, pele, rather 
carly fatigued and subjected -paea, The liver 
avd sptom ware cularcead. The ssllow cole 
was gineral wice the In-ty, Let the mleras were 
dear, Esaruination uf the Lheal 200 the fallow 


40. (0) Movtenota tts (6) MiyahiT™® (¢) Amal, 
oes by Zectumeiter, Le: Exgeta d Map sod, $9: 117, 


al. Aeterwom, UL UL, ast Sater, ML IL; Aw. J. M. 
Se. 193.213. 198 

& (e) Nutoi (6) Pisa ©; Abas, A, and Soe. 
wer, R: Coit, ot mien Soe. mn. @ bp de Borin $8; 
S81, 1934. 
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DISEASES OF CHILDREN 


tag Lite; The hemngiod in content 
cot, Enjpteepies nadered J, 
culne mailuocter aml bh uhexy tes 
mutrorduls G2 pee cent. tyanlen: 
cent ait mewnacstcs 4 pee ceut. Tha 
cht lormsteu, bot tes astimoten of 
of pluchots was made. There was | 
tandane por fae fred cube contin t 
sme! OF ty OID). Serum xan 
mt oeteaaed. When carrots were n 
heer oliet, the patient slowly inopee 
the muncber of white cells remained 
Cataracts developed. 

Reports of Earlier Cows of Dicte 
svia.—le the records uf the Jubns It 
fetal there are 6 cases of carmenen 
the dict alawe either wae ot sontgy 
feaervlle. This wrics is eachasir 
Cartonenua occurring in the cours 
of mphrosis or of hy pathyromlion, 
low thyron function is defintely 
factor, They are welded at this p 
they have a bearing un the discu isi 
vitarrinesis and because they | 
hy pathests that carotenen.ia may mut 
feos as bercto‘ore pictured 


Cag L—The potent was a child of ti 
had recently come from Califorma, shar 
@Pavignd w orsrget, eg only weurce ot 3 
tusll be axcetzved te here recaned 
anand, Sig eeconcted prompaty, vend 3 
wsteward ty mpeums deve'og. 


Csie Lae The serum of this patient, gf. 
teccived for divgnoue Alt shat f eae a 
fe harm rested from tee carctemenny 
shewal shag -ss wat male from the 5 
he sk 1 ie were to we nestle 
the serum caraene as low 29 was is t 


Care 3—Carctencans was Sagnmed i 
Bttimst: gum whe enpwyew vegcishlcs i 
twe Ne erexisl stedne were made, » 
cebeded enle as une mm whech the gi 
hard by the Corstenrmia, 


Case €—4 3S yere old sterxp mse he 
conyliints ycluemess of the shim aend | 
he Nod tase sete meetimg tee Gat ws 
C2t0A pane fae aheot seven pears, Whe 
Perms Sevan hog cliet, le coemected san 


Care $= This patient, 2 colored fas net 
ferecly om weectables, exes rally tpn wh, 
taohemstmtark Lem tbeal pesseace, | 
Crit me teeawar we him-s hel te a | 
of ty eqatent ory Carte via 4 Skenemenl’s 6 
bey po thy tint me me serccested om the ba 


-svteom she ly tered aol Saw taal antes: 


bat ad begs cohen value ne ingewed 
tapally. 


Cote 6—A well edo wonue of 
arya! ine nerawes to meat, Cont @ 
hroais, hand ted Largely om wegetabtes 3 
comm ee ah years Ie altten to have 
ving 288 rethelly woicruright, with bm 
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was 7 pes "pi athenig Typpeth ewhliom est diced ce tee chet may have crused Ge, . +b tee. 
eregey fer: exc tmens whem ae wae sm the bee: tak Le mse cera, m caw J the blood pres ire tae ae tty 
Sco 1 Se 5 Ot ee NS ee oe The Inc valees Be Ct ted 
ites JS per | : testerol and use low ba dd acrite ce ¢ 
we was poor *, ‘The patients im the first 3 of thea casee were eiuincly part of the pature cf care 
the musmiler », guetoudess and eutecly unbaruge by the neuersg de they did im Accra art 
LS mg. | aSenEres. in case 1, foweeet, the serum coc as well as in Sed Ce See 
tes of serum .» ede were weil shove the normal The fast 2 ore ia whch the leuls were cac-red 
dnphyt was) cased Cake by themahes would le hard temimy to levkoperra so wrote 
crempwer! Creare y. be valuvte; wt care $ the eniremely madopete  charactcrtic, Lut ene tat xa, ‘eat 
wel, thamgh , stat owgit have caueed the entre chan wh pcture, the aries I hase report! twee! & 
few. Laser go cd im mse 6 the anpresaon of hypethyreet im 3 ca-<s with spantems 14 avi Sa, at 
4 was particularly strong and in adetiun the stat plement ia lemwton’s coe Ae arent 
ry Carotene. «, 82% inahuuste, Certainly the cases ia winch merely stated that Ce Wid was oer 
ophins Hea. ” wate is evakove of farm were those in wluch reporting the actual counts. : 
main which 5 the police’ had taken the carutuse-<comtaining Perhaps the mest cunls-irg asceet tf 
I have bern | jvods for a long ume of hua lived largely on tionvinp of carotencmia to ng 
of esses of 4 : en 
| of Jiadetes | Tams 2 -Letersiery Doig fer Poticars with Caretesemia t 
in which the { * « Fe t 
the pomary toa Vie wen 
pint bees teen, mt a, Some Cee Barat tome = | 
aa cae eet soe tee eo ce or ane CE 
* Fe I ail * aed ; ae 
a lage . i. oe Coruwes Bee ve nace. Wwe, Wore, Bete Weget ema tance C. { 
‘onfirm ; 
ca ee Oe 
he as hurm- ‘ sais Crosges ms co 1 a H 
® - Casoee ovo & th on ~ ® e a hme i 
i 
oy 1 #¢ Carrot OO ok le me - * . - - 
» vhe Kad been we es bas 
tone that she , as pbeearighaied be ee’ Res Ss * jf o oe Mage oc eee 
@ wemiicam © woe treo wee Me ae = -_ oo pee 
tmure dd * = 
& wr. ‘Creve amine, a 0lme anak = tte Oe oe, Um a! 
a ore ost 2 
@ a child, was i — e ‘ 
epashetind ie at Godt’ peers ry 
ani that the { @ Gy. Tether le ~ ins —. Bevent ~<a oe oe (8 ee 
Mow edor of | fA pew ped = 
vie eutit h ee ra 
his Cau 
a 3 well-te-dn, ) 
Hap — than Case § is the fink connecting the cases Every syaiptom that has beet enct-th | 
somos -4 gweavous caruicmmia with those in wtich nag wah eoruteseny? ert te “f 
farms has resulted; in thus case tlre is ne doubt © could occur im hy pot!» ipso ’ 
ok ac tes ack | of the primary position of the carotenemia, and tion of the fact shat the at Gast; 
2 3 
cu vf ence 1 the same time the patient showed loss of symptoms followed ail 2how 2 corm 


th carrety amd 
e CMerds ecre 
wily. 


whe had fet 
B2e Crtremn ss 
renee as cask 
vod temp Eth met 


ecight, asthinia, high Llood lipids and choles- 
terol and a lew Lasal mutabotic rate. 

Fran these ces plus those deserileu by 
Anderton and Suicy, of caroteneana in Cablornia 
iarwars, cue aay ferns a poture ul the cifexts 
od carviercwns, Lone of warght is usual, tnt it is 


aur). Later, wat puevils to he certain te what extent this 
roo of the feyh is the dircet reat of Carucmmis aml ty what 
iw cate Ons evient Ge rooalt fl the cmcurtcnt bohopecy 
aarameaeili of the dict, The Que is truc uf mawulur weak. 
nes. flyptewien is even more diflauk tw 
1, became of craluste, ft was mt neutinncd by .\elcrwe 
ry rietaypaged ant Suby. Ta cas Gol the series just ccoctibed 
2 seumnoibonte the Ww Ulosi pree-ure autelated the abnormal 
dist; in cae 5 


tebe 8 poco sere 


a 48 Sia Tree a OSes twee | 


i ~~ 


the cattume inadequacy wf the 


to le made. A possible explanatior 
laruy fies im the reported arctgte 
earucne of vitamin A al tyros 
1 this theery the sity t 7 
muy cast not erly as ti: 


why 
ks: 


aetivity of the thyreid gots, Sut 3 
“ne utralizaion” ef th; ton a Sy ent 
aan AL : 

Aether point that must Se crap 
it is the alawewal ia’ vee oat ce 
the auoura im the 


toad Jag uf 


— -- 
ee eee eee re Se ee re ee ee 


tele Nie 


ead 


ee AMERICAN JOCENAL OF 
a 
tems carckne met be ingested i: excessive 
amrouet fut 3 nes time oF must burn the major 
part of the sInt to the exchesion of other oon. 
ab-teents wi cider te he hazadul. 


CLINICAL MVPEAVITA Mi NeOtg 


Factors lupin. acing Vitomin A of the Maud 
Little is known of the factors luating to the in- 
ereave of vitamin A im the serum, and that litle 
has cree principally frum experimentation on 
amnals. 

1. Diet: Increasing the dicfary intake of vita- 
mua .\ beyond a certain optimun will increase 
the anmunt stored, ut @ is usually net posible 
16 push the level of vitamin .\ in the bloed above 
what ought be calhd a ponnal masinnen, exceye 
for a few hours alter administration of a laege 
dove. A child of 4 years whe was given per- 
comorph liver oil im large chives lor resistant 
rickets received about 120,000 U.S. P. units of 
vitanum A every day for a mouth with no more 
than a minimal cifect on her serwn vitanun A, 
determined twenty -hag hears alter the lst dose. 
Two infams were given 200,000 U. S. P. units 
ef vitauin \ a day for several weeks. There 
Sas 2 slight teouporary cise in vitamin A im the 
Whol, ‘ating alout a weck. Likewise, in rats 
ingesiion of 2.500 U. S. PL units a day raise’ 
the levet of vitamin A from 1 wnit per cubic centi- 
meter of serura te alout 2 units, and, although 
a Large anvant was sturedt in the liver, the scrum 
vitasue A fol to nearly its former level within 
two uf there 4h) 0 after the high ingestion af the 
vitauuin was dicnntinued.* 

2 Levet of Serum Lipids: Tine cvnditions in 
which hy perfjemia wceurs tem! to Le assnciated 
With increases in vitamin A as will ay with re 
teuemia. Alw, as in the case of caratenemnia, the 
relitionship is Uf a genceal mature ad one must 
utilize Pathol cic extremes to be able to derson- 
Strate it. An is.prtant difference lies in the 
far were rayiel renova! of CX trive vitamin A 
than cf canaene frum the Lond, The pot. 
Seeative carve of viaguin \ is infln vced by 
the fevel of scrum: lipid jut as ie that’ of care- 
teow Fat the oyenife rowneal of vitamin \ in 
Gee fiver ctstively prevents PA eencerd acy tense 
Latent im the theel, while the shmce rrumval of 
rdowe jaravts an acumulatioe which ip alwy 
anlel by the mlaivety higher thalsiluy of tie 
Liter sulataae in the Mand Fipids. fe scears 
bikely ale tha the wdulality in fipids is a lene 
Heriot fanor im the case of vitania A thag 
of cardene. If visamin \ and Taqdole turn! to vary 
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tugether, it is Lecause they are suhiject to sin 


int cen 

The highest values be vitamin A seen in 
PUD cows ciel men erceed 2S units per cule ¢ 
eter <xccjd inumetiatcly alter ingestion, | 
theagh the serics inclur'e! some Cases with 
levels of Syed (cases ed mcphetesis amet Pad a 
cima). Folbwing pocunasua there was a 
chevy tue hy perlipewsia to develop in sree e: 
cheleren olceved ; winter these circu sauce 
vieaaun Naight tenyerari'y rach a value oF 
wuts per cubic ceutemcter of serum (par 
fut revening supplementary vitamin .\). T 
levels were the highest seve with the excey 
wf there nm the case of vitaminosis repuried | 

Protection Against MypervitauinasisnA 
tor of safety lor the amimusls that rely on caro 
for their swurce uf vitamin \ is the rel; 
Narmlessmess of carotene. Also any dar 
which # ors cause is appurently not peemas 
and raped and complete recovery is 10 be expe 
as soon as the excessive intake of caroter 
sopped. 

The facts just reviewed point to the exist 
of 2 mechanivm for the maintenance of 
level of vitamin \ in the Wow! within ces 
Tints, Ue seoms highly significant that 
mechanism exists in the cue of the vita 
which caa produce toxic effects, am! not in 
case of its precursor, carotene, which appeas 
he retatively harmless. It is inseresting that 
tleg, which apysrently lacks this mechanism 
the luitation of the level of serum vitami 
(personal cb«rvation), is the one animal 
far studio! in which noue of the toxic ef 
frye vtasein .\ have teen elicited. 

Awuthee peerstive mwchanisns tp the sates 
oof vitasein \ im the liver, where 4 ayquars t 
harmless [0 is mt the ttal ananust of vit: 
in the laaly that cletcrmines the pre-ence of 1 
Syme deanna bet the ingestion af amwnwds t 
cnuugh to everwbels the ability of the five 
tense it from the circulation * . 
is possille to push the storage ir the River wit! 
Herat, and ne synqtoms af intsication are 
staced wiles the daily cuse is raised slove 
“venice” bert, Whee vitamin ag cartes 
given inteaveswucty the excess is reused | 
Brest ragadity.”” Tes this eemosal tic ectis of 
tetieudocwkatetias system play a primary | 
particularly the Kuzifce cclls of the liver, | 
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JOSEPUSHUVPEKSIE.UUNOVT A AND CAROTENE ! 
star} ues been shown by Hhewe-crine anceps hel an abannnal craving he ewe ts: the a 
acl as Lx “baakade” coprmmate’® The in. carerme sn this cose was the br-te t nw tl 
vier nase mm activity wd Uarse culls unler the induce «were, These caamples are ck) te o Te S3t, 
rai. ; 4d ewerdesaze with viasmin «A m2) therclore le atenanmal appetite for eartene~ etarsy ing 
ent beked on as a factor in the defuner agzinw hyper- way occur. ; 
lh, va eninesis, fv is purowble that the apr<tie exise? fr.42 
yA When eacessive vitsuan A is giver to fats over was prananly rep unbie fee he arse Mant.) 
tow | 3 :erind of tne, 2 tive in the level of serum tyed it scents awre pe dalle at the races ef ct 
ite! veiurs, which, however, is temporary, This has was begun for ceunomic or wher mars andy 
the’ teen taken as evilence that ong ul the fumta- the slewmal apretite cevchrael eSeeqoen 
3.3) gs tal erteets of vitamin A ison the mostclem 1h ure bur pame particstis Ectary eo cats cert! 
cuts | ad fipeds, but thar cedimarily the effect 18 alg-  asirequently results evan the necc-sty of corr 
hem, quately and prngaly Cormenaiet fe, Whenthe ing 2 deficicney of wore other comit on. 
tion | stgmin is aulenly mtrmbuced in large amounts example, the craving for sz't a perverts + 
are.” he compensatory process is temporanty over-  aetreral insufficiency. ft is conyers able thai et 
fac. | wane and a rive in blind lipal occurs. Tt has cise vitanun .\ oF carotene taken x Era tr 
rene | faen sutzested that this compensatury process ecunnaug necessity or red nezht g-e rie 
tise 2 wvolves increated activity of the thyrmd lanl” changes that would create or ircres.e he & 
, Sappart for this idea comes (rom the demonsira- fur the material that @uced the Compt. 
von ef antagunism between vitamin A and change in ccs.re (rum Lalut Leer ee” > 3 
cai G. thvronin.® The continuance of the high content and Lutter in our pant ahem ee. © 
2 is bof lipid in the scrum in the cases of carotenemia stopped suggests that this was the ou Ie! 
sited in this paper soxzests that this gompensa- le mute! frow talle 1 chat avter the par 
mee hay factor may be more = tse im the rat than dincharzed from tee teoyatal the 7 
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the ia man carcecne in the serum rose for 2 ste rt tind 
ae j SQMMEXT OM THER Low definitely ataormal level, «tm o-afiems ch 
this Frove this review of repos oi experimental “ty increare! intake of carotene. H 
vim, $ and clinical @xrotcrentia ame angio aminesis AL Ucpatemeguly and Splowame. pets. —The! 
the cure obtains sone insight inte tne agmificance af imal inweeasion ef Gaucher's Gwase sad 
sto cectain pathologic changes in the case which is gested ly the presence of a-tarze ver anf } 
the } reported. However, since final proof of the eccther with aneniia of Ue Sy por taste; 
for achaninms involved if laching, the iaterpreta- The roentgenngrants of te Lures cre mt} 
oA | tions which follow must be louked on as surges ative of this comfitinn except at te of 
hus j tions rather than as cemonuruions of the ie the metacarpals anf phalseses m5 5e-t 
ects manner in which excessive witanun A acts. prescoce of a process replains perce w’ 
j Abuarnsal Appetite. —Whether of not it is with pathologic tissue. The wcrea-e! { 
rage jenabittr to ‘ale as “slawemal” a bhing ber of Ge im anirals subjected to imton'es: sx 
she § ke arictle of food which most people would not vuansian A suggeus the pew cay thal 
mn { cat by ciimce, there is no douls that the child's swage may have occurred in our — 
onic Whing foe hablaut liver wl was a factor in the case ever, we have no dircet eviderce of tu 
ge ahich is eepurted ft is interesting that this any reticuloenJotetial pecliferainn, at ! 
rw Jesire for the ail was replied by a desire for the Lone marrow, thuch soh a paid 
ya latter aut carrots after the adniinistration of may acevunt for the cel. gament af te 
vat the oil was disc-ntinued, and that as the pationt gelcen. The improvement of the > nn 
pro mupeuved chuiclly he lou all such desires. ingestiva of exce>sive vitanun ~e 
the Herschen’s puticnt with carotcnemia bad devel-  gyikuce that vitamia \ interc.. © 
e is med sech an aryeicte fx carrots that she W238 ausily re-ponsible for the einicat pietare. 
_ imyefled vo vearch gwbaze cane to sitisly MP Le pyinted out in eafinmution tut Her 
the cravieg. Two of Mastinoto’s pationts amerg sinus ase had hepabweculy aml yin 
hale, fapase~e pea-ants had an abnormal apetite for with a bypoplatie Gis of ancraa ast 
hie the svarce of their caraene. Clamsco and a cases of carmtencans ebich f sams 
° MuCourd ucativncd 3 cat in which the paticnt ete hal any ope ptome temlal 
whe, at Preger, H, and Beonsce, $1 J. Nowitien Ws feukopenia aml 3 oi ht slative @ ihe 
: 431, 1942, “of ved cefia, 
ond #. Lovee, P, vad Beller, Ds Kin Woomhe. 181 The ka that simian A an’ are 
wT WA, 1595, erable, vmler comlts tet “ese t9 2 
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storage of Fipids with certain fextures im commen, 
with the chonges whah acer in xant wnimosn, 
Gauter's diverse of Niemann. Pick thease 18 an 
attractive one. However, the rcyarted cileet of 
witanwa NV am ret ube ndothetial probleration in 
ammals has ore yer leon thoroushly confirmed, 
mut has it lawn shown that the sphromesiy or 
hepatomegaly im ctianal eases is actually due te 
increase in the storage of lipids, 


Iacreeted Vitewum A in Ser umm,-—The vitasin 
A of the Lived of eur Mticnt when first seen was 
at a level which has otherwise Lon encountered 
only at the beight of the Postabeurpine curve, 
four to six hours aficr a relatively Large dese. 
Not only that, lat it remained at a high level 
after all excess mgection of vitanua hed boos 
serped an-l only slowly returned to fwnnal over 
& pared of six months. As stared previousiy, 
atiemms 10 couse a rise im scrum vitamia A in 
ether patients te more than a fwited extent or 
Over niore than = Lenited tune Lave Pros od unsuc- 
cessful. White this PCr wls in PRparation a 
Chall ed 8 months was wouthit tw the outraticnt 
deopwttuent siter Fecening 3 teaspeons of perco- 
autph Iver ol a day siring a period cf four 
avanths (correspating to aluut $00,000 U.S. P. 
units of vitainin .\ per day). The vitamin A of 
the scrum was 10 U.S. P. units ist hundred 
cubic cendin-cters and thie total lipid 730 ang. per 
hunded cubic ceulrunters, uth normal values. 
This case cremph.fes the efficiency of the nvcha- 
Risin hy which the Coustancy of the blood sita- 
aun \ is naintaioed and at the ssine time indi- 
Ces that this naclaniva im the Palicnt whose 
Case is rqperrted here was Krivusly uupsiredt, 

Tn the diwussiom of the bealy’s protection 
eu hy pervitaminesis the role Played by the 
Feticulcrdutlistial ectl. im fonoving vitamin A 
amd earotine frou the Uned was cited tf, as 
has teen suggested, the celts of the reticuloemdo- 
Ualial system are made mare active by an over: 
dove of vittnin A the vitunia would be mare, 
Bt less, eTectively renumedd {reas the Mood, The 
fact that in the case under divcussion the vitamin 
was less eflictively rewewedt imticates cither that 
the ctubi hat some shefevd in his reticuh <mle- 
thelial respearse of ele that intense, probuged 
evetiinage ia capable af injuring this tespouse. 
The uly werk that TE omull fund learns oe this 
Peant is that af Mecuhie* whe found that im 
carly stages of Cuthmace with viawin A beer 
furation incecarct, whencas hater i¢ doereased ; 
the functims dealing with pomoval of de fron 
the blood stra am? with detovifcatiun were 
Pertiicularly af ced. Ja our patient, bronusulpha- 
tein was rem erally Let the serwe bali 
ful.ia was comintoutty sence hat Paid (1.6 weg, 
rer huswtred cubic Cretiewieve). En Netoran 


SRN AL OF 


Oe tl BB AE tl lida, al 


OISE.1SFS UF CitiLoRtN 


amt Solcy"s cases uf Carotenemia, § of 
babents tated showed anpainment of the ; 
of the liver t@ remove rose bengal {ros 
lead, 


N veermd porssibitity in this case is th 
Hiesit os the liver’y alslity i store veianin | 
excewled. While litt'e is kmmn of the ex 
of the tuwnan liver, work on fats shows that 
Worage of vitanun A has Leen Pushed to a 
Pomd the vitamin disappears with Great 12 
when excessive intake is discontinued, su 
cely by oautstion oF some other form of de; 
tron. Whether er not Peclonyed acleninisis 
of vitamin A could hupur this mechanics 
Setting rid of amounis im excess of the 41 
cacy it nut known. As ! have PMuued 
however, excersive storage has Little influen 
the level im the Leal, ay that ot wastibel tae int 
(© extdain the continuance in this Prtivut of a 
level over 2 prolonced period after the ints 
vitamin A was discontinse f, especially sing 
bul anount in circuation is ouly a minute 
tien of the amount in sorzge, 


facecased Level of Scrum Lipids.—Thi 
SPesse in lipid im the Weani in the Pateut a 
di-cussion was definite though not exces 
(The normal range is approximately £30 te 
wy. per hundred culse com weices, Heargh bi 
Muy bevencosuntered in otherwise formal 
sous.) The gradual faft after excessive is 
od vitzmin A was stopped haves ne duale te: 
tmz the causation. The level of errotene ix 
[Stient’s serum was not excessively high ex 
On One Occasion, 3% previously mentiona!, 
after his return home, when he has! 2 crain, 
sartuis and butice. It may te noted that on 
eecasion the coutent of kipists also incre 
stighaly. A rise in Mond fipuls appears to 
sigmhcant past of the picture of hy pers itauniz 
‘\ as well as of camsenemia. The chetesi 
also takes part in the ise of Hipids but in 
ses, aa im those repurnd by Ander an 
Swdey, the imercase is mut correspondingly gi 
The havc! metaleic rate was ant detcrnune 
he pustiewt dixcussedt with hyp ety taminess 
it Was ccereased in mong of my PAtants with ¢ 
femmia. {nm fact, the pture of crptens 
feentics that of hy puthyroistism to such 
eMeut that a distinctive way be diffau, ( 
the detinite assniasinn al the courtitirn wit 
veystuble dict asd its Giappearance 29 sour 
the source of carmen was temmved lead | 


wisee 10 which reftence as mate Preview 
wm wha case the syuqumus of hs peat hyeoie 
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JOSFPUS—HIVPCRVIT IMINOSIS A AND CAROTENE IE 


i 
the §j am exeer of thyroid antazonist and not te an etce. f¢) Spare, Ore or me ae : 
ibelity jy 26 2) dunimution im the sctesity of the thyrond sent charseurtie of the i pe 1 
a the: ron . ef ewe by rate swdjectes to -tason A itn 
} it was pointed out previoutly that the rise im tw.n has ncn a prewurem leature wl = otf 
the! fipels which occurs i amacals rubyected to conm- tens. In the patient, the ecturn ef Sais of me 
L was, Uaued excessive cmcs of vitamin .\ of ewotcne texture and ¢:strLution 39 a!.reot the Lev 
meg. © 8483 teneparary picuomenon and that the return uf improvewent. (d) Ci'lurg of “Se 4 
when ' 0 Normal levels was ericvnce ul the levelopreat was a stmaimgy feature of the crew petite 
| @ a compomsatory precesa Wendt sogzest the ciuid wae first sem fe aos ord 4 


“TF. 


ieee ' that the compo wtion wecit imelve an mercase = thowsh lev (frunnuent siter te 9 avi a bali? 
pros. f * thyrou activity." [have sugcested that the fits sigmLeance is mot krows, unt 2 may 7¢ 
til |. Catmuance of high level of bpols im the mplicate domage to the ver, mece ution ¢ 
ation » Natient repor: ore might also indicate that fingers and toes is not inlreqnentiy obser 
n for $e “cores. process us less effective in cirrhows im chiliren ' 
ag > Rae than in rate Tle fact that the dove required The question of conplcte recstary ef t 


g te ele the hp re-;ornse in man is relatively far tiene um tle case regurtat is sum crea, Cl 
re on } snaltce thom that for rats"? puiuts im the sane the clu! is weil ard kas ron are! 3°’ 
& chrcetion. If, as suggested, imrcased activity f nou two years, The osly aes for a- 5) 


hints the Un cod suy-phes the “compensatory” process, ihe ccutnued aremuee Of spleen 3: 
ia of us ee amve lature ip man aught explain both the tess degree of hepstom gly ant the 7 | 
e the tersinmnce of the hich levels ot serwn lined and shvance um shefctal develc present. ts 
hac. the ssaytoms of hypoth roidism. eae splenomezaly was slow to i~ 


4 
4 
Siclete! Abaorwaiitics —The skeletal changes * leukeponia persisted for at wast a yeas. i 
hich occurred are iifficult to evaluate, and te ef the magnitu-te and the carck (tind 
inopsy was G1 no aid The snecd of deczle:fca- of the intane of vitonia .\ it ac-'2 Le sa 
tem waft m line wath the aleervation that in if suse perracert <' sege had rw toyed 
1 saumals decale:fearion of laws is one of the most fear is wot so much ‘ict there ray td 
consiant erfects af hypervitaminosis, The must gressive process stl acire as thas thre od 
swistanding features in the rocntgenograms of been some scarring -i Ce Sver tht 4 
the patient were the evidences of a more rapid give rise to trouble. 
epiply stal developement, the irregularities, the on , 
apparent supplied effect af the epip!ty sial centers, 2 
the mercacd distance latween epiphysis and Severe by pervitam-rosis A ccesrrrd | 
shapdy o's and the advanced development of carpal ef 3 years eho hal tweet Sect 
centers of ossification. Even two and a haif U. 5. P. units of viene sty meat 
sears aiter the rewwnal of excessive vitamia A ore sar hoe a. cena 
the carpal ceutcrs were im advance of the patient's >" peere ys i ree 
chronoleic ace. The child, however, has not a 
grown weluly and at present is ne more than at nae ee t 
the upper tint of murwal stature for hig age. developement, cludling i te Cozers ™ 
Te may he mentioned that Wallioch an! Bessey *  CO8FS hae; a — witls 23, 
ia 8 recent review stated the opinion that vitasin  SPTeHte fer belies liver at, Ce seu? 
A acts to increase the rate of devclopment of Wan. Mou of te symrec.as Coee 
lame: Inve crer, they gave none of the evidence When the execse vitamia A wis ven 
oe which the oydion was based. the Get. A 
Aaseciatid -Nousrmstitice.— Four ether abe Exterinnntaland Geicate! sist 
normal cumtitiars pre-cut in this cave are worth the existence of 2 er se for Ce ca 
muting. (a) The five i serum phosphatase de- of 3 constant ‘ev vee A. 
‘ . ‘ y thlatcd to the at'vitics of 
ferns on the actniny of processes which ale give Lghtesh calla, Ses sah encoun 
nse to changes in the bcc, and it is to be SHOES ga ~ a 
Qanidered in teltina ta these. Phesplatase is Ot for connee. acaba 
alse incecased ia dixeasce of the Ever, and, a6 kas SEEOtiS A im this id & nates eons 
lace printed out, there is evidence of bepatie Select exited in the stam traces: 
stam ve im thie ease. () The hw kevel of scram Prvicctive peacuon wt cise (hat ican 
qwote.a, aspeciaily of the glubulia fraction, is qrenlonge is ptt: vf ejuries the 
peolally of cunuberalde significance, but it cane mechoniom, ; 
wt be evaluated in the proeens state vf bavel- Jebas Meghcrs Hey ak ’ 
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CONCLUSION 

On the basis of the results obtained in our metabolic studies we uy 
conclude that while a congenital malformation of the primerdial mese. 
chymal ce!l may exist we are certainly confronted by an associated 
metabolic disturbance which in its manifestations resembles a chronic 
state of hyperparathyroidism. Whether this disturLauce is of maternal 
or fetal origin we cannot as yet definitely say. 

Also previous observations concerning the chemical composition of 
marble bones have been confirmed in an uncomplicated case of this 
Cisexse. The findings cousist of hypermineralication, as indicated by a 
high ratio of inorganic to organic matter and an increase of the molecular 
ratio of calcium carbonate to calcium phospha:e. 
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Case Reports 


¥ ° 
Ch PU am, 2% 


WTPERVITAMINOSIS A 


JOM A TOQUE, MO. ond AUSIELL A MOSETTE me, 
CALVELAND 


n) P. EL a 23 month obi wnfant, was aclnitied te Cabics’ and Chikiren's Hospital, 
Clescland, om Dec. 22. 1944. The complant was soreness and suo!len legs. 
Present [ues —Abtout Aug. 15, 1944, he fell. Soon alicrward the right fore- 
arm became owollen and he complained of soreness along its radial aspect. On 
October 27, two days ‘befure admission to another hospital, a similar painful 
suctiong began over the right shin ulich Caused mobilization of the muscles of 
the cight leg He was irritable and amcreaie, A tentative iagnous of acute 
amterioe poliomyelivs was made, but nothing wes found to support it UAT) 
Reeotgenograms of the bones stowed them to be norma! 
The child improved quickly, and within sig da 


ys the pain and the tenderness 
disappeared, although a hep persisted. 


SMe diagmsis of acute Dermatitis 
nile amount of penicillin over a prrinl 


A mm 
was made The patient recewed an inde § 
of erght days 


Three weeks later (late in Neoveniber) the signs and » 
mvolvement and the poia now being im both legs 


huspital on Nowember 29 and was given peowitla therapy for six days, at the 


ead of which ume he was discharged Repeated rocnigenograms and bluud counts 
fevealed na almormality. 


ymptoms recurred, the 


One week later there was a coud rec 
te wm the forearms fa additivn, he had 
and he was restless aml irritable 

Past History —The child had teen breaet fed 
mgs Just before admission to Mabies’ and Cho uis 
at! whole milk daily bat no eggs u¢ Vegetales, The first twelve maosths of life 
he had po vitamin C, but had sufficient amurbic acid sue thar time He ave 
from 1 to 2 teaspoons (from abvut 4 to 8 cc.) of cud fiver ou daily from the 
are of 2 weeks. He stad a: 7 an! walked at 9 muths. 

Physical Examination. 
Sutely HI. His venyersture was 37 C. (98.6 F.) 


wiresce of pam and tenderness, this 
anorexia, constipation aad pruritus, 


. With supplements! formula feed 
u's Hospital he got meat, cereals 


+ Gamable stot-sised tyumyh modes im the arterior, cervical sad 
Siratlasielar spaces. The chest was 46 em, in Circumference at the nipple tine. 
The heart and the lrgs were within urmnal tines. The ablomen was 49 cm in 
Swcumlerence at the level of ta umbilicus, The liver was palpable, its eiges 
i 

Mead before the Section om Pediatrics at the Ninety-Filth Anaual Sessica of 
the American Mevical Association, San Francisca, July 3,(1946 

Frean the Jack & Meints lalwrawory, Divisiva of Conidzoas Diseases, Cay 

tel, and the Department of Pediatrics, Wentera Reserve Uaisersity. 

a. 


He was readmitied to the same” 
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smooth and ebout 2 cm. below the right costal margia, There was ao splenomegaly 
Considerabie tenderness. was elicited when the femurs were palpated. 

The blood and urine were normal, and reactions to tests dine with old tuber- 
culin down to a dilution of 1 to 100 were negative, as were reactions of blood 
Serums Of two occasions. 

A determination of erythrocyte sedimentation rate (Westergren) showed a fat; 
of 14 mm. the first hour amd 35 the second. 

Chemical determinations are listed in the table. 


Laboratory Date jor Patient with Hypervitaminois A 


3 Vitam 4 
i 2 Ff 2 “4 os 
« = . 
2h i deste ole Go 1 sus 
2 if 3s - 8 ig fess © § fe ts 
é = ks 8 + az az $e <= = 
3 ‘33 23 = ey s zu és ts os @ 5 So es 
& (2 a8 £2 G2 Gwe cH Ages BOE ca ez 
wie KOS Le 8 
Vie WA 48 655 68 s a wee Cm * w 
Mie MS 43 oe he ? = -- TH NH Time Trace 09 
Ue... oe fens ones - & 
27eite eons -. =m we NO he Oh Bight 2 
Wace 
* Mite We 43. 00 uo 6 68 bf Rm Trace 18 
ck ae a a) ae Se ] - 9 Ml 6h wh Ime els 
se Mt fh Oe te ee ee ee ae | e 
Asda he one ae Upnesee son ee wee) ces ne eg 
. ie wt ts 4s Ft ¢ 2 m1 ae) bed ei ® 
re =e eee een. semen 
*Serum albumin, 6.1; gicbuite, 18; sRumte-cioduila ratio, 8:3) (nermal 3.7:1 te 3:1). 
{ Srestinine, 11 (perme: 12). Beastious to dirert ond tadizect van dan Bergh tests vem 
Bree! 


a ate 0 & P. units were trensloted by Jawphe inte micrograms, } mieeogree reveling 
bal . 


Fig. 1.—Roenigeurgram showing comfitiua in radius and wk: Other rorwe- 
Rew grams of long bones were simiar. 


Reempgenograms uf simsves, the ~hest, ote, revealed uo abavemality save bo 
bilateral short cervical rite. Thom . tie haag lunes revealed: (1) bruad greet? 
lines at the ends of all the long bese, (2) stippling of the distal fomeral epiphyves 
(3) fragrwetation of the distal Gbuler epidbyses, (4) a periesteal fine alorg te 
lateral aspects of the richt femur and leit tibia ond (5) pronounced periosteal 
thickening on the porer'or and the medial aspect tones, Stereccore 
tecatgenograms ef oh. Jull were 
Suwre'ga bedy ia the sraip. 
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The courre at the hospital was uneventful. After che first x * he began to > 
eat well, and a definite loss of weight ~ 5 regained prior to his diccharge. There ‘ 
was mo diarrhea or vomiting; in fact, there were periods of constipation. The : 
duration of the tenderness of the bones was alent <icht dan. ‘The shin remained 
essentially the same as deserihed on admission. ; 


He was discharged on the nineteenth hospital day with » diagnosis of probable 
lecaled cz healing scurvy, and a high intake of ascorbic acid “22 recommended, 


e 
SECOND ADMISSION TO BARiCS’ ane CHiteerx's NesritaL 


| 

| 

| Ou Jam 31, 1945, three weeks later, he was readmitted. He temmained ia 
the hospital until April 23. The same symptoms were pre vat, i ¢, pain, swelling 
of the arms and tcgs and anorexia. At home and sharin after his previous dis- 
charge he had acute rhinitis, bilateral otitis mecia, swelling of the left eyelids i 
and cervical adenopathy. (On January 17 he contracted chickenpox followed by 
hematuria, which lasted abuut {eur days. launediately before his admission, a i. : 
ved, dry rash had appeared around the neck folds. The dict during this perind 
Setween hospital admissions had been limited almost exclusively to small amount, a, 
wf milk, orange juice, preparations of vitamin D and various medications, 

On examination, the lips were dry and fissured; there was peclag of the shim; _ 
over the hands ard feet, and there was felt cervical lyuyshadem pathy, 

' Two day.’ after “is admission there Sas swcling of the shin in the neck fakde ‘ 
and the skin Uf bath Shicz The shild ssid that ke ictt “as if he hac v6o0es” im cr 
his shoes which madz aim walk on his Levis. The stools were dark and tarry - 
and contained fresh blood. About four days after admission he became more 

' Wwritable than usual, was thirsty and drank 9 great de>? ond passed coloriess 
stouls. His mother thought that he favored his left leg and that he limped cn Le : 

She was cross exainined about the boy's dict. fle was the first and taily 
child and of great concezn to a Conscientious mother. He was a “fussy eater,” 4 
Consuming no {rvits and few Vegetaties. His customary daily diet consisted of ry 
mame cereal, about ! pint (473 ce.) of milk, 6 ounces (177 cc.) of orange juice, : 
two tablets (25 mg. each) of ascorbic acid and 2 teaspoonfuls (8 ec.) of cot ‘ 

‘ liver oil. 

The patient appeared to be acutely vat not severely il The temperature was 
WC He wcighed 18 Kg. The abnocmalities moved were as follows: (1) healed 
varicella lesions; (2) Mucopurulent crubts im the usres; (3) fissured und crusted 
' lips which Uled sasily; (4) palpable montender lymph nodes im the ingu: ual, Pee 
| axillary and leit cervical tegions; (5) a palpable nortender liver exterding 2 em 

below the right coctal margin and eularged to the left nipple line; (6) an equisitely : : 
waver area (6.5 cm.) of sucting over the lower third of each cadiva, and (7) So: 
simile tumors over the lower third of each refius and ever the toner third of evi ts 
bth tibias, more chvious on the leit. The swellings were nut hut, shiny, cry them- i 

: Mtous Of Muctuating and were in the bone structure rather tham in the thin er the 

} subcutaneous tissue. “ 
The hemoglobin comcentratio. <a, &f per cent, the erythrecyte couse JJO0p : 

ted the leukocyte count 15,400, sith’ 4) per cont polymorphonaclear ceils, SS per 

cent lynphucytes and ¢ pet cent mommcy tes. The urine was normal. A levkocyw 

Sram of 2380 was recorded wm Feovurty 5, with the same prooriame of the 

Fatives tyyes uf cella as belure. Mutclet cuunts were 45,000 amd 410.000 wn tee 

erations, the bleeding time four sal one-half mimtcr, the clating time three ts 

fur micatcs and the prothrombin tine thiry seconds (control, twenty-aine 
. m 
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1. Josephs, H. W.: 


Ucberdusierung mit vitamin A-Konzentra 


4 Willsaedt, H.: 


8 Josephs, H. W.: 
$733 (Jan) 1944 
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seconds). Serologic reactions of the patient and the mother were negative. Erythro- 
cyte sedime. tation showed a fall of 40 mm. the first hour. The chemical analyses 
.»@f the blood are noted in the table. 

The vitamin A level was 240 micrograms per inmdred cubic centimeters. The 
method used to determine this was referied to by Jusephs ! as the method of Clausen 
and BicCord and was described by him in detail. Josephs stated that roughly 
50 to @ U.S. P. units per hundred cubic centimetezs may be taken as a leva 
dividing normal from abnurmally low. . 

His mother was requestioned about the vitamins she gave her son, and this time 
she admitted giving the following: (1) a preparation of vitamin B complex, 2 
teaspoons daily; (2) 1 dicalcium phosphate capsule daily; (3) grains (325 mg). 
of saccharated ferrous carbonate twice daily; (4) $0 mg. ascorbic acil daily, 
and ($) percomorph liver/oil with viostero! (Mead)," 1 teaspoun daily from 
th: newborn period until October 1944 and then 2 teaspoons daily until the tine 
of admission. His symptoms began shortly after the vitamins had been increased. 
The last preparation nated had ot been given during each hospital Stay, and 
each time he got better. It was Icarmed that the patieut was abnormally fond 
of butter, which he would eat by the teaspoonful. 

Ahout eight days after admission the periosteal pain and the tenderness dis- 
appeared, although the swelling and the dry, scaly condition of the skin renwined 
for three weeks, . 

First Ctinical Experinseut —Domagk and von Dobeneck,? as well as Willstacut ¢ 
and others, describe a syimptom complex in rats produced by feeding moderatcly 
large amounts of vitamin A concentrate. The hair falls out, the eyelids are scaled, 
exophthalmos appears, the liver is large and there are 


Spontaneous fractures of 


No similar changes were found when large doscs of carotmre were ingested ty 
guinca pigs, rats* and rabbits." Josephs ® has published a report of a case 


Studies in Vitamin A: Relation of Vitamin A and 
Carotene to Serum Lipids, Bull. Johns Hopkins Hosp. 6$:112, 1939, 

2. One teaspoon wou'd equal approximately 250.000 units of vitamin A 
aud 3f,000 units of vitamin D. The information on the bottle is sununarired as 
follows: “oleum percomorphum with other fish liver oils and viosterol, a liquid 
standardized to cuntain not Sess tian 60,000 units of vitamin A and 8,500 units of 
vitamin D, U.S. P, per gram: approximately 1,250 vitamin A units and 186 vita- 
min D units per drop; source of vitamins A and D in which not more than $0 
per cent of D is derived from viosterot.” 

3. Bomagk, G., and von Dobcneck, P.: Ueber histologische Mefunde bei dct 
t, Virchows Arch. £ path Anat 296: . 


Die Vitamine: Jetziger Stand ihrer Chemie und Ric- 
chemie, Klin. Wehnsche. 14:84! and. 1€89, 1935. 

5. Wells, H. G, and, Hedenburg, O. F.: The Tamicity of Carotene, J Biol 
Chem. 27:213, 1916. 

G Davies, A. W, and Moore, T.: Vitamin A aud Carotene: The Distti- 
bution of Vitamin A in the Organs of the Nocmal and Hypervitaminotic Ratt, 
Nutrition Abstr. & Rev. 1:43, 1934. 

7, Landy, M.: The Non-Tosicity of Large Ansnuuts of Carotene, Mepart- 
wnat of Bacterioloyy, Ohio State University, unpublished data, 1934. i; 
Hypervitamimeis A and Carctenrmia, Ams J. Dis, Chibl 


TOOMEY-MORISSETTE—Hi YVERVITAMINOSIS A a7 | i 

with an exce'lent discussion on hypervitaminosis A and carotencmia, and accom = *. i 

, __ Plete bibliography is included, Revvy 
With_his_mother's DstMission. an experiment ta ceproduce_the clinical Br: ’ 

tums was started on the twenty-seventh hospital day. The level of vitamin Ain j 

“the blond had by this time fallen to 500 U. S. P. units, or about 170 micrograms, ie 4 
“per hundred cubic centimeters. He was given the same therapy as at home. This 7 t 
therapy was discontinued after cight days, for by that time the patient had Lecome =~ } 

. [++ increasingly irritable and his skin was oily, scaly, rough and pruritic. He had bea 
given approximately 4,000,000 U.S. P. units of Vitamin A and 560,000 units of D, | aes 
There was an obvious soft swelling over the distal ulna, which was painful and ‘ ; 
exquisizely tender. The level of vitamin A in the blood was greater tan 800 i$ : 
U.S. P. units, or about 267 micrograms, per hundred cubic Centimeters. The } 

total fats were increased, S | 
anisooe arsoos toisooe . 2 j 
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izing case of hy pervitaminosis A. The single solid line oak 

indicates the episode of pain, dotted line the length of time the pate lasted and Ge i 

the double line the level of vitamin A in the blocd. 4 4 

As before, the sympions and signs again disappeared about seven days afur - ~. a 

the vitamin thrapy had been discontiwued. ‘The vitamin A level also fe'l at the : 

. Same time and on Sfarch 26 was 400 units, or about 134 micrograms, per hundred ‘oe 
Cubic cewtimeters. Ses 


Second Clinical Experiment—Was the condition of this patient caused by too ies 


9. A leer from E.R. Squibb & Sons contained the following imlormation: 
“Vitamin A ia ol is supplied im 1 ce. ampules, 100,000 units in each cubic cent. ' = 
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hundred thousand units was given daily for the first four days and then the dosage 
was increased to 600,000 units daily. On April 19 tenderness appeared over the 
radiuses and tibias. The. vitawin A level was greater than 1,200 units, or atout 
400 micrograms, per hundred cubic centimeters and, to my knowledge, the highest 
ever recorded. Administration of the vitamin A preparation was discontinued 
after fourteen days, a total of 6,200,000 U. S. P. units of vitamin A and ‘ens thea 
640 units of vitamin D having been given by this time. The total fats were agaia 
increased. ‘ 

On April 23, the day of discharge, the vitamin A fevel was 400 units, of 
about 134 micrograms, per hundred cubic centimeters, aad clinical signs and syrap- 
toms had practically disappeared except for a persistent hepatomegaly, 

The rocntgenologic observations were the some as previously, although the 
lines noted on prior admissions in the right fernur and the left tibia could not be 
visualized, There was a periosteal thickening of the middle third ef both ulnas, 
Bone age was neither advanced noe retarded. 


THIRD ADMISSION TO BASICS’ AMD CHILOSEN'S BosPITAL 

He was hospitalized the third time on May 20, 1946, for the purpose of a 
check-up examination. At this time he had acute rhinitis, but otherwise appeared 
normal, Neither the liver nor the spleen was palpable. The hair was luxuriant; 
the areas of previous cutancous. lesions had healed. There were a few infected 
papules on the dorsal arcas of the left and the right wrist. The chemical com- 
position of the blood was normal, and the roentgenograms of the long bones 
showed oaly those changes incident to growth, There was no evidence of hepatic 
damage, The vitamin A level was less than 0.5 U. S. P. unit per cubic centimeser. 


COMMENT 


To my knowledge, no toxic effects have ever been described following the 
ingestion of carotene. Josephs® stated that carotene is less well absorbed than 
vitamin A and that the interval taken for this conversion prevents flooding the 
body with active vitamins, which is mecessary for the toxic effects. The higt ext 
value of vitamin A in over 700 cases in which tests were made by Josephs did not 
excecd 250 U. S. P. units, or about $3 micrograms, per hundred cubic centimeters. 
At one time the patient he described had 910 U. S. P. units, or about 30) mire 
grams, per hundred cubic cxntimeters, My case presented the highest figures 
which I have found on record—over 1200 units, or about <CO micrograms, per 
hundred cubic centimeters. Subsequent eipcriments at home with large doses of 


Carotene were ant contruiled enough to be repurted, but there were no symy tems 
edwer than a dchnite carctenemia. 
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by Sayth, One member of this scries is a paticat whom 1 foltowed from the age 
of 6 snonths until the present, when he ie about 3 years old. This child was 
presented with symptoms of discomfort resembling severe colic, and withia the 
next fittle while soreness in his extremities devcloped which was thought to be 
due to scorla:tic changes, although he was receiving some ascorbie acid. During 
the next few weeks, on adequate intake of ascorbic acid, swelling cf both fore. 
arms and of both femurs and swelling sLout the mandilde on both sides developed. 
There was no overlying reduess, bu. the tenderness to pressure was even more 
pronounced than the swelling and there was striking resemblance to scurvy. This 
patient bad an Irregular low grade fever and a slight anemia Lut lacked the 
cutancous changes, hepatomegaly and splenomegaly described by Dr. Touney. 
Vitamin C levels in the blood were repeatedly normal and, most regrettably, the 
vitamin A levels were never cctermined. This child went on to slow improvement, 
which seemed to be accelerated by parenteral large doses of ascorbic acid, and he 
received gencrous, although never excessive, amounts of vitamins A and B. Thi, 
case was one of a series presented by Emyth A sinular serics has been presented 
from New York, in which utitization of ascorbic acid was thought to be the 
critical causal factor. There is enough resemblance between these paticats to 
suggest a similar underlying cause. A further possibility, (rom which one could 
take off into the stratosyhere of pure surmise, is that these symptoms might dz 
proveked on one hand by faulty utilization of ascorbic acid and on the other by 
excessive amounts of vitamin A. 


Dr, Jous A. Toomey, Cleveland: The question is whether this child’, con- 
dition was dve to vitamin A, to vitamin D or to a combination of boty vitares 
Aand D. J catnot state definitely whether there was some effezt due to vitanua CL. 
The patient experienced symptoms when he was given vitamin A plus vitamin D, 
but when he was given vitamin A only, he also had ermptoms. The paticat became 
better and improved when the vitamin A was excluded. Im the last experimert 
he was given only a small amount of vitamin D, 640 micrograms, a negligible 
amount. Recovery from overfeeding of vitamin D is never so quick as was 
recovery of this patient when vitamin A was withheld. 

The paticnt had symptoms when given vitamin A again and got better whe 
it was withheld, only to have the symptoins recur when it was fed again. 

He had no disturbance of vitami. C at any time oe subsequently. The syrp- 
toms of scurvy are recovered from quickly as in this condition, but when suctling 
of the periosteuin is present due to scurvy, absorption takes longer than it did ia 
this condition. 

Our patient received no other vitamins while the experiment was in progre-$ 
gave ascorbic acid and the vitamin D in the preparation. [1 feel that in this pac 
ticular instance there was no daiwage done to this child I have never found ary 
reference in the literature mentioning any reaction tb carotene. 
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AGENESIS OF THE LUNG 
‘With @ Review of the Literature 


ROCTRT A. BUAGER, Ma, 
UTTLE COCK, ARK, 


fgg of the lung is a rare condition as shown by a careiul 

review of the literature, A certain amount of confusion has 
arisen, however from the loose usage of the terms “agenesis” and 
“aplasia.” “Agenesis” has been used for conditions ranging from 


“conrplete absence of the lung and main bronchus to those in which a 


variable amount of pulmonary tissue accompanies a rudimentary bron- 
chus. It would be advisable to confonn to the more precise usage of the 
terins and to use “agenesis” for a failure of development and “aplasia” 
for incomplete development. Schneider * has classified congenita! defects 


of this kind into three main types: (1) true agenesis with no trace of | 


the lung, brondhus or vascular supply on the affected side; (2) a type 
characterized by small cutpocketing from the trachea with a rucimentary 
brenchus but no pulmonary tissue present, and (3) a type in which a iully 
formed bronchus is present but which ends in a fleshy mass of areolar 
tissue of varying amounts, This classification has been generally accepted. 

Hurwitz and Stcphens* in 1937 found 3 cases reported in the 
literature, and in 1944 DeWeese and Floward® added 9 other cases. 
An additional 11 cases have been found in the literature and are listec in 
the table. This gives a total of 54 cases, to which is added 1 ease. 
Since the advent of bronchoscopy an increasing number of cases have 
been reported in living patients (Garber,* Ferguson and Neuhauses,? 
Stokes and Brown® and Widerman and Peters.') Other cases were 


From the Department of Pathology, University of Arkansas School of 
Medicine Research Paper 834, Journal Series. 

1. Schneider, P. in Schwalbe, E.: Die Morphologie der Missbildungen des 
Menschen und der Tiere, Jena, Gustav Fischer, 1909-1913, vol 3, pe 2, chop & 
RB 763. 

2 Hurwitz, S, and Stephens, H. B.: Agesesis of the Lung: A Review of 
the Literature and Report of a Case, Am. J. M. Se. 193:81, 1937. 

3. DeWeese, E. R, and Howard, J. C.: Congenital Absence of s Lang 
Diagnosed Before Death, Radiotogy 42;389, 1944 
FO rag hal a Congenital Aplasia of the Lung, Am J. Roentgenol. 53: 

). 19S. 

5. Ferguson, C. F., and Neuhauser, E. B.D.: Congenital Absence of the Lang 
(Agenesis) and Other Anomalies of the Tracheobronchial Tree, Am J. 
Roengenol, §2:459, 1944. 
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CHRONIC POISONING DUE TO EXCESS OF VITAMIN A 


Description of the Clinical and Roentgen Manifestations in 
Seven Infants and Young Children 


By Joun. Carrey, M.D. 
New York City 


Bees 1945 the author observed a girl 25 months of ape who had cortical hy- 
Perostoses in many sites of the skeleton. Her disease began when she was 19 months 
of age. She was described as a probable example of infantile cortical hyperostosis,* 
although ct that time there was some question of the validity of including, in the syndrome 
‘of infantile cortical hypcrostosis, patitnts such as this one who exhibited neither facial 
swellings nor mandibuler hyperostoscs and in whom the onset appeared after the first 
fouf months ef life. Jter it was learned that this patient had been taking one teaspoonful 
of olcum percomorphum daily for “several months” before the symptoms appeared, The 
author now has recon’s of seven patients who ingested excessive amounts of vitamin © 
concentrate A and D over long periods and who present similar clinical, rocatgenographic 
and chemical findings. The subject of this report is a description of the toxic signs and 
symptoms in this group, The morbid anatomy of the lesions is unknown; there have been 
no biopsics or necropsies. 


Casa Rrpoats 


Case 1. A. M., a girl 25 mo. of age, had complained of anorexia for 6 mo. and pain ia the legs 
for 4 mo. She had been well until the 19th mo. when she became fussy, tited casily and began to refuse 
most of the food offered. During the 2tst mo. the left shank and foot baume swollca and painful; 
she refused to walk and the left shoe could'not he worn because the foot was too large and tender. 
On several occasions she had heavy sweats at night. * q 

Physical cxamination dislesed malnutrition, dry cracked lips, bilateral palpable clavicular swellings, 
an! a tender firm swelling in front of the left tibia, These swellings were ali deep, firm, not ovesly 
warn, aot discolored and unsiiached to the skin, There was a similar swelling in the left fuot. She 
icfused to stand of to wath, Liver was not enlarged to palpation, She was and remained afchsile. 

Hemogram and urinary cxsminations were normal. Blow proteins were prewnt in normal concen- 
trations (albunn 4.6 gm., clobulin 2.3 gin./100 ¢.), as were the serum cakium and phosphorus 
(10.6 mg. and 4.3 mg./100 cc, respectively). Blood NPN was 34 mg./100 cc. Scrum phosphatase 
activity equaled 18 Batiasky units. ESR was 22 mm, in 2 he. (Westergren). Blood scrum gave a 
nonsyphilitic reaction to Ktine’s test. No sctum agelutinias for the typhoid-dysentery-cholesa group . 
of butesia were found in dilutions of 1:20 of higher. 

Recntgca examination of the skelc:an revealed cortical hyperostoses in both clavicles, in the sight 
and feft 7th cibs, both uless, eight formu, left tibia, sight thuls, and in all of the metstassals ia buth 
fewt, seve the Ist metatursats (Fig. 1). The mandible an! the cranium were nusmal socntigenographi- 
catty, There were me dlosteuctive changes anywhere in the skeltun and the bones unaffected by hypes- 
Ovenis were all normal, Metucation uf the skeicton was numa, 

Krome the Depastncat of Pediatras, College af Physicians and Surgeons, Columbia University, and 
thy Kahics Hospital, New York City. 

Rest im sagnmaty ot thy Annual Mecting of the American Pedistts Saciety, Atlantic City, NJ, 
May 6, 1949. : 

(Receiver! far publication June 21, 1949.) 
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The course in the hospital was striking. At first all food was refused and the patient was inactive, 
apparently from painful pseudoparalysis associated with the tender swellings in the legs and feei. 
After a few days she was feeding herself and taking a normal dict in normal amounts. At the end of 
about 4 days, most of the pain and tenderness had subsided although the swellings persisted. A bone 
biopsy had been planned but this was cancelled owing to the rapidity of recuvery. 

During the 2nd wk. of hospital residence it was learned from the mother that she had voluntarily 
increased the dose of olcum percomorphun?® several months before so that the child had been rccciving 
daily spproximately 180,400 w. vitamin A and 22,000 u. vitamin D. This dosage had been stopped on 
admission to the hospital aud clinical improvement was almost immediate. 

After’ 22 days of hospital residence the paticnt was discharged asymptomatic, In roentgen films 
made 3 mo, fcllowing discharge, the hyperostoces were still visible hut were all smalice and more 

, xlerotic than before. Onc ycar later the hyperostoses were invisible rocntgenoztaphically. She has 

“had no tecurrence of sympioms for 4 yr. 

"Case 2. BLK. a girl, was 21 mo. of age when she was first scon in consultation with her pediatei- 
cian who had made 2 diagnosis of infantile cortical hy pccostusis. She hid been well until the 19th 
mo. when she became restless and “whiny” and a painful tender lump appeared on her sight shin. 
For 3 wk. she had been refusing food and was unwilling te walk. Penicillin intramuscularly did not 
modify these manifestations, At the same time she became hypericritable; insomnia was marked and she 
sweated excessively at night. She screamed when the weight of the bed clothes was on hee, and resisted 
attempts to dress her, put on hee shoves of change the diaper. Two weeks before, tender swellings first 
made their appearance in the leit forearm and on the dorsum of the tight foot. One week prior to the 
consultatica a Sarge hard lump appeared over the Ocipyt but there were no facial of mandibular 
swellings. The temperature never exceeded 37.8°C. ; 

Ta the physical cxamination the 2st mo., she was found to he excevdingly icritable and appre- 
hensive of being touched. Photographs and socntgen films were made with great difficulty. The lips, 
especially the lower lip, were dry and cracked. Deep, firm, tender swellings were visible and palpable 
in the occipital region, in both forcarms, on the ventral surtace of the right shank, and in the Jateral 
aspects of the dorsum of both fect (Fig 2A and B). Liver was not cniarged and temperature was 
normal. : 

Hemogram and urinary findings were normal. ESR was 24 inm. after 1 hr. Multiple cortical hyper- 
astoses were demonstrated by soentgcnugraphic examination in both ulnas, Icft tibia and in both Sth 
metatarsals (Fig. 2C, D and E). Mandible was normal and there was no sign of bone production 
under the large swelling in the occipital region. The mother on being Guestioned in more detail about 
vitamin intake related that she had been Biving the paticne 1 teaspountul of ulcum peccomorphum 
daily sirce the 12th mo. of Jife, which meant that this child had received 200,009 to 300,000 u. 
vitamin A daily over a period of about 9 mo. Bluod withdrawn at this time showed a concentration of 
330 u. of vitamin A/100 ce. plasma (normal $0-150); blood carotene was 70 &ammas/100 cc. (normal 
40-200 gamma». i My 

Oleum percamorphum was stopped and within 4 days the paticnt was asymptonfatic, although 
swellings were still present. She began to take normal amounts of food; the pain, tenderness and 
hyperitsitability disappeared completely and sk cp was undisturbed, The swellings gradually diminished 
in size so that they could nut be detected after about 2 wk. In filuns, the hyperostuses in the Sth 
tnetatarsals wcre baccly visible at the end of 6 wk. although, at the sic: time, the ulnar and tibial 
hyperostoses were only slightly diminished in size and much denser than catlice. At the end of 1 yr., 
all the hypcrostoses were invisible save slight residual thickening in the cortical walls of the ulnas 
and the right tibia. The patient has thrived dusting the last 23 ma, 

Case 3. H. A., @ boy 12 ino. of age, was scferted for coentgenngraphic examination with the 
clinical problem of sorencss of the left shoulder and swelling and failure to use the Icft arm. These 
symptoms had been present for approximately 3 wk. The refering pediatrician suspected unrecognized 
tsaumatic injury to the Icft shoulder joint. There were no constitutional symptoms; the appetite had 
temained pond and there had becn no fever, . é : : 

Roentgenographic examination disclosed ulnar hypesostoses (Fig. 3). Remainder of the skeleton, i 
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© Olcun percomorphum (Mead Johnson) is made wp of liver wils of the percomorph fishes, 
viosterol and other fish oils, Mt is standardized to contain not fess than 60,000 wu, vitamin A and 
8,300 wu. vitamin D/gm. : 


« 


Oe ee ee ee 


ig Fi 


| BEST COPY AVAILABLE ; 


JOHN CAFFEY 
Sea een a ance: ” 


B 


Fic. 1 (Case 1). Legend on page 675. 


including the mandible and hones of the fect, were normal rucntgcnographically at this time. A 
presumptive sucatgen ciagnosis of hypervitaminosis A was made un the basis of the syminctsic vinag 
hypecrustoses and, on direct questioning, the father stated that the infant had boca receiving 2 tea- 
spoonfuls of oleum percumurshum daily during the preceding 6 mw. (400,000 te 600,000 u. vitamia 
Afday). The family pediatrician later seported that the snistake in dosage was duc to crrus ia purchase 


"at the doug stare. The mother had supposed she was getting cod lives wil and the druggist was under 


the impression that she ordered ulcum percomorphum, 

Infant was well nourishes’, without pallor or fever. There were many large and sinall patches of 
erythems in the skin and in these areas nutmcrous sxratch marks were present. Prusitus had avs beca 
sevognizes by the parcats. Jn the Ieft forcarm there was a jung, powely defined, fem tendes sweiling 
which was not discolosed ot overly warm, Lives was pot enlarged. 

Bluod count and urinary findings were avsmal, ESR was 24 mm, after 1 he. Serum calcium wae 9.3 
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Fic. 1 (Case !). Multiple auiicsi hyperostoses in A. ulna; B. L. clavicle and L, 7th rib; C. R. femur; 
D. L. tibia and R. fibula; E. 2nd, 3ed, 4th and Sth metatarsals in both fect. First metatarsals are not 
affected. : 


mg./100 cc.; phosphorus 4.8 mz./100 c¢.; serum phosphatase activity equaled 15.2 Bodansky u. Kline's 
test on blood scrum gave a nonsyphilitic reaction. Concentration of vitamin A in blood plasma was 
1384 L.1!./100 ce. (normal $0-150); total blood lipid was 840 mg,/100 cc.; blood carotene concentra: 
tion equaled 146 gammas/100 cc. (normal 40-200). 

The ingestion of vitamin concentrate was stopped and pain and tenderness in the Icft arm disap- 
peared aftcr 4 days. The patient has remained asyinptomatic. In films of the skeleton made 10 wk. 
Jater, the ulnar hypernstoscs were still visible but were smaller and mare sclerotic; in films of the 
feet, symmetric hypcrostoses of the 2nd metatarsals were now visible although they had not been visible 
in the eatlice films and the patient had never had signs or symptoms in the feet. 

Case 4 (Dr. A. Ashley Wcech, Chillien’s Hospital, Cincinnati). W. K., a boy, was first scen at 32 
no. of age when he complained of painful fect of 3 wk. duration. Twelve days before, tender swell- 
ngs appeared in the Icft hand, left arm and left shin. He became gencrally irritable but had no fever 
tnd eetained a normal appetite. During the 10 days prior to admission, there had been scycral nose 
leeds. On adinission the parcnts stated that he had been receiving 2 teaspoonfuls of cod liver oil 
laily. 
: The hoy was well nourished and mentally alert. Liver cdge was at the costal margin. In the left 
orcatm there was a long, hard, tender swelling overs the ulna, The swelling was not overly warm o¢ 
ixcolored. There were similar swellings on the left thumb, over the left 2nd metacarpal and over 
re Ieft tibia. Regional lymph nudes were not enlarged. Both feet and one wrist were also slightly 
wollen, There was no reaction of the skin to tuberculin of histoplasmin. ° 

Findings in the blood count ind urine were normal, Kahn's test on the blood gave a nonsyphilitic 
action, Serum calcium was 10.7 mg/100 cc.; phosphorus 4.8 mg./100 cc.; serum phospha 
tivity equaled 19 Budansky u. Blood protein nitrogen was 30 mg./100 cc. 
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_ Fic. 2 (Case x ee on page 677. 


Roentgcnographic examination of the skelctun disclosed hyperostuses in the 2nd left metacarpal 


(Fig. 4), both ulnas, both tibias and the fibula. In the fect both 4th inctatarsals were thickened. The - 


bones of the head and chest were norinal reentgenographically and maturation of the skcletun was 
normal. 

The course in hospital was caeeihi Before discharge it was Icarned that the mother had been 
giving the child oleum percomerphum instead of cod liver oil. Three years later the history was reviewed 
again with the mother. In review she stated that 10 drops of ulcum percomurphum@® were given 
daily from the 6th wk. until the 17d) mo. of life. During the 17th mo. the child had a severe 

Saryngotsacheitis and the inother, deciding that morse vitamins would be beneficial, increased the dose 
to 1 teaspoonful of olcum percomorplium daily, This duse had been continued during the 15 mo. 
which preceded admission to hospital. 

Case 5 (Drs. S. Z. Leine cad John Dale, Jr, New York’ Hospital, New York City). A. C, a buy 
184 mo. of age, was admitted with a chief complaint of pain in the bones of a few weeks’ duration. 
Appetite had always been poor, Drisdo!@ with vitamin A,® a vitamin concentrate of A and D, had 
been started at 1 wh. of age when a “dropper-full” was given daily. After the 12th me, the vitamin 
concentrate was increased to Vy and later % teaspoonful daily, which provided about 125,000 wu. 
vitamin A and 20,000 u. vitamin D. After the 13th mo., 1 terspoonful of dzisdol@ with vitamin A. 
(about 250,000 u. vitamin A and 40,000 u. vitamin D) was given daily. Two weeks before admission 
he was said to have bruised his leg in a fall and had had pain in his legs. 

Examination dis losed that he was hypcriscitable and afebrile. Both hands were swollen and tender. 
Liver edge was 2 cm. below the sight costal margin. Left shank and buth forcasms were swollea aad 
temfes. 

Hemogram and urinary findings were normal. ESR was 27 min, after 1 he. Scrum cakium was 
10.3 mg./100 cc.; sctum phosphorus 3.6 mg./100 cc.; scrum plusphatase activity equaled 9.7 Bodansky 
wu. Vitamin A concateation in the blow! plasma was 1395 u./100 cc. (nurmal 80-200) ; bloud carotene 
was 73 ganimas (normal $0). Vitamin C content of the Icucnytes was 4.2 mg./i00 ce, (low). The 
Mazina blood test gave a nunsyphilitic reaction. 
© Deislold) with vitamin A is a solution in sessine oil of drisdol, vitamin D2 from ergosterol, and 
natural fish lives oils, Hach gram contains 50,000 uv. U.S.P, vitamin A and 30,000 u. vitamia D, 
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3 2 (Case 2). Tender swellings and hyperostoses after 9 mo. of ingestion of excessive amounts 
um percomarphum®. A. Ulnar swellings in forcarms and fissuring of lips; B. symmetric swell- 
ver Sth metatarsals and over R. tibia; C. long wavy conical hyperostosis of ulna; D. symmetric 
rings of cortices of Sth metatarsals; E. long wavy cortical hyperostosis of R. tibia; striking 
e of metaphyseal and epiphyseal changes. . : 
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socatgenographically, including feet, However, 10 wk. later and 10 wk, 
had. been stopped, symmetric byperusteses uf 2 


Roentgenogeaphic examination of the skeleton disclosed cortical hyperostoves ia both clavicles, 
6th and 7th sight ribs, huth ulnas, right radius, left tibia, sight fibula, 4th and Sth cight metatarsals 


Mandible was nocmal, as was skelcta! maturation, A 
in intake was reduc! to approximately 12,000 u. vitamin A, 1,800 u. 
Clinical recovery «+ rapid. He become active and asymptomatic; 
Concentration of vitamin A fell w 700 1.U. on the 12th 
say, 400 1.U. on the 27th day and 360 1.U. un the 37th 
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? symmetric hypcrastuses 
swollen apd icmlce chat he cuuld got weas his shoes, 
Sout 


disclosed na shnurmal changes in the buncs of the 


« 
ender swellings ia 
ly for 13 mo. 


&. 4 (Case 4). Cortical thickenings of 2nd metacarpal 3 wk. after appearance of t 


hand. This patient had received 1 teaspoonful of olcum percomorphum dail 
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3 (Case 5). Multiple cortical hyperostoses after 10 mo. of ingestion of excessive amounts of * 
> with vitamin A, ¥y to % teaspoonful daily: A. in both ulnas and anc sadius. B. in L. tibia 
tbula; strow on sight points to cortical defect not related to hypervitaininosis A, 
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or shanks. During the frst weeks of the illness, fever occurred ‘ ¢ short periods and then disappeared 
completely. . . 

When examined by the author 2 mo. after onset, there were no abnormal physical signs. The 
swellings could not he identified clinically. In the Froentgenographic examination, however, cortical 
thickenings were visible in bath ulnas and in the $th metatarsal (Fig. 6). 

The family was requestiomed 2 yt. later and it was then earned that the mother, who had giver 
the original histor, had had little to do with the-care of the child during his 1st 2 ye. Actually he 
had five! with and been under the care of his grandmother, She stated that oleum petcomurphum 
had been giver daily sine the Srst weeks of life, stzrting with a few drops daily with gradual in- 
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Fic. 6 (Case 6). Lamcllate! cortical hyperostosis of L. Sth metatarsal 9 mo. after beginning inges- 
tion of V% teaspoonful of vlcum Percomorphum daily, Two ulnas were only other bones aflected. 
Fic. 7 (Case 7), Symmetric, bilateral thin hypcrustoses of ulnas after 15 mo. of ingestion of 


excessive amounts of navitol® in daily cosage of 1 teaspoonful, which Provided approximately 
200,009 u. vitamin A daily, Both clavicles were also thickened, 


creases to Y teaspoon daily. During the 7 mo, prior to onset of symptoms, the boy reccived approx: 
imatcly 100,000 u. vitamin A every day. - ae : : 

After a few days of hospital residence, the patient went to live with his mother and semained 
permanently asymptomatic. i 

Case 7 (Dr. Frederic N, Si'verman, Children’s Hospital, Cincinnati). R. B., a boy 37 mo. of age, 
had had’a pruritic rash on his buttocks ane back for 5 mo. His aims and legs had been tender © + 2 
mo. He frequently limped and refused to bend over owing to pin. He had been afebrile, His skia 
was dry and contained many scratch marks. ‘The liver edge was 3 cin, below the right costal margin. 
He whined with pain when manual Pressure was made on his legs and arms, especially when deep 
palpation was attempted. Blood count disclosed a mild ancinia; there were 9 thousand Ieucocytes/cmm. 
with normal differential count. Scrum calcium was 10.8 mg./100 cc.; serum phosphorus $.2 mg/10u 
¢¢., phosphatase activity of the serum equaled 22 Bodunsky u. Rocatgenographic examination of the 
. Skeleton djs losed cortical hyperastoses in both clavicles and Soth ulnas (Fig. 7). The bones cf the 
fect were not filmed, 

The cause of these tlinical manifestations and soentgen changes remained unexplained until 4 yt. 
later when the mother was requestioned concerning the patient's intuke of vitamin concentrates, The 
mother scferred to the written records in her baby book and then stated for the first time that 
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arted on the Ith day of life and 10 drops 
=O mo, the child suffered from 9 tespitatory 


“Vitel ® co y teaspoogful daily (200,000 to 300,000 
excessive intake had been continued for 17 ino, Prior to .dmission to the 


ered quickly in the hospital and has remained well for the ensuing 4 yr. 
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& heen recog 
from this source j 


hours, with rapid Spreading until th 

Arctic explorers have Seen 

reported. Rada!il’ in po iver approximated 18,000 

5 kg. of polar bear liver feprescated an intake , 
8,000,000 u. of vitamin A, 
a wide varicty of toxic manifestations in experimental vitamin A Poison. 


~ 
t v 
: ae 
= ce ‘ 
ini 
[A. | 
Fic. 9. Healing of ulnar hyperostesis in Case 2. A, Thin, wavy, 


+108 active phase of Poisoning at admission, B, Four months after sto 
Lyperostosis is shrunken, snouth anc mure sclerotic, 


enteritis, pneumonia, emaciatio 
profuse internal hemorrhaye, 
Comprehensive studies of ¢ 
animals. They re 

bone formation 
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rounger growing ones, developed fractures after 6 te 10 days of high intake of vitamin A. 

There are five examples of cisronic vitamin A Poisoning in infants and younger chil- 
Iren reported in the literature. Josephs® firse pointed out tie dangers of high vitamin A 
ntake in pediatric prophylactic Practice and first demonstrated the value of the increased 
ood content of vitamin A in diagnosis of its poisoning. He described hypervitaminosis A 
na boy 34-months of age who had received one teaspoonful of halibut liver oil (240,000 
. Vitamin A) daily after the third month of tife and occasionally drank the oil dircctly 
rom the bottle. Toomcy and Morrisette’ first observed deep, hard, tender swellings in the 
xtremities and were the first to describe cortical thickenings in tubular bones. Their 


ratient was a boy 23 months of aze who received one teaspoonful of olcum perconorphum | 


aily from the second week until the 19th month and two teaspoonfuls from che 19th 
ronth until the 23rd month. After ‘stoppage of olcum percomorphum and subsidence of 
linical signs, Toomey and Morrisette rcinduced the clinical signs by refeeding oleum 
ercomorphum, and then a second time by feeding pure vitamin A. | 

Dickey and bradlcy* reported tender swellings and cortical hyperostoses in a child 22 
ionths of are who was Poisoned by navitol™) fed in daily dosage of three tcaspoonfuls, 
Wo patients of Rothman and Lceon,* who were poisoned by excessive dosage of olcum 
*tcomorphum, exhibited tender swellings, cortical hyperostoses and high blood content 
f vitamin A. In all recorded cases, with the exception of the case of Josephs, rapid re- 
wery followed the stoppaze of ingestion of vitamin concentrate containing vitamin A. 
In the group of seven paticnts reported here, the principal toxic manifestations were 
nilar to those previously described; the rocntgenographic observations are more com- 
cte and more detailed than those in carlicr reports. Data in 12 cases now provide the 
portunity for a more complete presentation of the clinical picture and a better insight 
to the differential diagnosis. Current findings in a comparatively large number of 
tients also make possible 3 comparison of hypervitaminosis A and infantile cortical 


Pperostosis, a syndrome with which vitamin A poisoning has been confused, It seems; * 


tain now that the two older patients described in 1946 (Caficy," cases 2 and 5) as: 
amples of infantile cortical hyperostosis actually suifered from excess vitamin A. | 
In all these patients, the excessive intake of vitamin A was unknowa to their pediatrician 
d was not recorded in the original hospital histories. In three cases the history of 
erdosage was not obtained until two. three and four ycars after discharge from the 
spital. Customarily, in history-taking, the interest in vitamin intake is directed exclu- 
ely at insuMciency of intake and the cuestion of excessive intake is not raised. If over- 
sage is to be detected carly from the history, the actual frequency of feeding ana 
ounts of vitamin concentrate fed, the method of measuring the amount and the 
‘aration used must all be sought for in detail. Apparently it is not an uncomnwa prac- 
: for mothers to stop measuring vitamin cuncentrate accurately, drop by dro>, soon 
er they start its use; to save time the estimated dosage is poured directly from the 
tle into a teaspoon. Under these circumstances the error of estimate appcars-to be 
ariably in the direction of overdosage. In one of the cases, the mother stated that she 
1 been giving 20 drops of olcum Percomorphum daily but, on further questioning, 
caled that she had not been measuring cach dose; actualty she had been feeding the 
ant one bottle of 50 cc. of oleum percomorpinun each monih. The infant had received 
to 70 drops cach day instead of the 20 drops daily originally stated. Knowledge of the 
quency and the amount of vitamin concentrate purchased may be more informative 
n the mother’s statement of the unmeasurcd daily dose. The physician must also make 
ain that informants, especially fathers and grandmothers, actually know the details 
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of vitamin feeding. The Possibility of confusion between oleum Percomorphum and cod ) 


liver oil at the time of purchase should also be borne in mind. 

All these parents were wholly ignorant of the harmful effects in higher doses of the 
Vitamin concentrates recommended to them in small doses for Prophylaxis, The parental 
Feasons for piving toxic doses are interesting and important. In one case, the mother simply 
decided that, if a small amount of the conccntr ger 
amount would be better. One grandmother ince 
doing a better job at Prophylaxis than the moth 
for higher dosaye was never satisfac 
potential dangers 


cad of cod liver oil, : 

for these patients varied from about 75,000 to about 

in this regard are difficult to evaluate precisely. In some 
cases the actual dosage was undcrestimated by the mother. On the other hand, such 
factors as incomplete filling of the teaspoon, spillage during feeding and Spitting out 
of some of the concentrate by the infant may well have lessened the actual intake and 
absorrtion in comparison with the amount fed, as stated in the history Mt should be 
emphasized that in no case was overdosage due to erroncous advice by a physician or 
erroneous labelling of the bottle by the manufacturer. It is cqually true, however, that 
in_no case did a manufacturer's lobe! state the harmful effects of overdosage nor had 
any mother been so ‘advised’ by her pediatricina This failure to point out clearly the 


dangers of excess feeding “Of vitamin ‘concentrates is a Seriou™ erro of omission and 


. should be corrected. J 


mere are several possible toxic elements in the concentrates of vitamins A and D in 
fish oils, which Presumably might have been the toxic agents in these patients Vitamin D 
is an unlikely toxic factor because it had been us 


without toxic effect; also when childre 


anorexia, polydypsia, renal dame 
skeletal calcifications. There are s 
halibut liver; supposedly, 

liver oils in the current 
Morrisette? 


vitamin A, 

There are several characteristic features in the clinical Picture, In alll cases there was 
a long latent period of several months between the start of excessive dosage and the 
appearance of diagnostic clinical signs, The length of this fatent Period did not depend 
on the size of the overdose. The shortest latent period was six months; the longest wa 
13 months, The appearance of tender swellings has been used as the criterion for the 
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set of the clinical disease, In some cases pruritus and anorexia preceded tender swellings 
several weeks or months; snorcxia and Pruritus are so common in children who Jo 
t suffer from hypervitaminosis A that their significance in children Poisoned by vita- 
n A is exceedingly ditheult to evaluate from a Causal standpoint. Since anorexia is a 
wminent feature of vitamin D Poivoning, it is possible that viiamin D Played a pari 
the causation of anorexia in these patients, In Case 3, however, appetite remained 
tmal during a period of six months of excessive Vitamin concentrate feeding and for 
ce wecks after the appearance of tender swellings. Enlargement of the liver has been 
ind by others in seversl patients; the liver was normal in size in all the paticnts ex-. ° 
ined personally. : . 
Tender swellings, hyperirritability and limitation of -motion all betaine evident at 
wt the same time, Tender swellings were most cominon in the forcarms but they were 
fe conspicuous in the shanks and fect in some patients, Swellings were always deep and 
ily attached to underlying structures, apparently the bones. The overlying skin in con- 
t was always freely movable over the deeper masses and was never edematous or dis- 
ued. Tenderness appeared to be moderate and local heat was not increased. All types 
handling were feared and resisted. Large temporal and occipital swellings developed 
‘wo patients but the mandible and face were always normal in all paticnts, Lymph 
¢8, regional to the swellings, were not enlarged. : 
lyperostoses in two or more of the long bones were identified rocatycnographically 
‘very patient; the distribution and frequency of involvement of diflercnt bones are 
*n in Figure 8. Hyperostoses were found under all of the soft tissue swellings which 
d be demonstrated clinically, All the 14 ulnas in Seven paticnts were affected and in 
¥ paticnt one or more of the metatarsals were thickencd. None of the 12 first meia- 
ls examined was invelved. The high incidence of localization in the ulnas and 
itarsals appears to be the most diagnostic feature of the skeletal lesions of poisoning 
te excess vitamin A intake. In Case 3, metatarsal thickenings were not visible three 
és after onset when ulnar hyperostoses were demonstrated, but 10 weeks after the 
drawal of all vitamin A by mouth, hoth second metatarsals were found to be 
:ened, There is no satisfactory explanation for the high frequency in the ulnas and 
tarsals; it is possible that trauma played some part in thickening these relatively 
sed bones. The hones at the roots of the extremities, the femurs and humcruses, which 
clatively well protected from trauma by heavy muscles were the least affected. Only 
of the 14 femurs and none of the 14 humcruses showed cortical thickening. The ° 
libles and scapulas were normal in all Patients. Five of 14 clavicles exhivited 
cortical hyperostoses. : : 
te carlicst rocntgenographic observations were in Case 3 in which films showed 
‘al hyperostoses in the ulnas three wecks after the appearance of clinical swellings 
¢ foicarms. Early, the hyperostoses have a shell-like appearance with a zoné of 
lished density between the subperiosteal thin layer of bone and the external suriace 
2 old cortex. After withdrawal of vitamin A this intermediate clear zone disappcars; 
yperostoses then shrinks onto the old cortex and fuscs with it (Fig. 9). These solid 
tic cortical thickenings are in turn gradually rcsorbed from within but remain 
e for many months after complcte clinical recovery. During the reparative phase 
of the hyperostoses hecaine lamellated, 
= amounts of vitamin A in the blood have been increased in all Patients whose bloods 
heen tested. The concentrations varied from 400 to 2000 u./100 cc. It is not cer- 
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tain how early Mood vitamin A riscs, or whether it is elevated during the long latent 
period prior to the apprarance of clinical manifestations; it is possible, however, that an 
excess of vitamin A in the blood might point to the diagnosis while the patient was still 
asymptomatic. Following the stoppage of ingestion of excessive vitamin concentrate, 
vitamin A levels in the blood fell gradually and did not return to normal levels for 
several weeks (Case 5; Toomcy," Dickey* and Rothman®). 
The rapid and complcte clinical recovery of these paticnts after the stoppage of over- 
dosage is one of the most distinct and convincing fcatures of the syndrome. In patients 
observed personally, tenderness, pain, hyperirritability and anorexia have disappeared com- 
pletely within one weck. Recovery is comparable to the recovery in scurvy following the 
administration of vitamin C. In Case 1, recovery was so rapid after admission to the hos- 
pital that a bone biopsy which had been scheduled was cancelled, ~ 
As mentioned carlicr, hypervitaminosis A has been confused by the-author with 
infantile cortical hyperostos's. Personal communications from several sources indicate 
that this continues to be a aot infrequent diagnostic error. Actually there are but two 
features which are common to both disorders; cortical hypcrostoses and tender soft tissue 
swellings. In contrast, there are several outstanding differences which readily identify 
hypecvitaminosis A and infantile cortical hyperostosis as scparate entitics, Infantile corti- 
cal hyperostosis has always made its appearance during the first four months of life and 
in one case was present on the first day of life; in hypervitaminosis A, on the other hand, 
diagnostic clinical signs have never been recognized prior to the 12th month of life. It is 
intéresting that there is no recorded cxample of onset between the 5th and 11th months 
in either disorder. The face and jaw have becn swollen and the mandible has been 
. thickened in every case of infantile cortical hypcrostosis; these structurés have not been 
affected in a single case of hypervitaminosis A. Metatarsal hypcrostoscs have been, present 
in every cas. of vitamin A poisoning in which the fect have been examined rocatgeno- 

- graphically but have been demonstrated in only one case of infantile cortical hyperostosis. 
The blood vitamin A has becn increased in hypervitaminosis A in every paticnt tested; 
blood vitamin A levels were normal in the only six patients with infantile cortical 
hyperostosis so tested. Fever is the rule in infantile cortical hypcrostosis (15 of 17 cases) ; 
fever, other than transicnt fever due to respiratory infection, was absent in all cases of 
hypervitaminosis A. . 

Excessive intake of vitamin concentrate A and D preceded poisoning by vitamin A 
in all cases; vitamin intake has apparently rot been excessive in any cases of infantile 
cortical hyperostosis, Also the feeding of excessive vitamin concentrate A and D dusing 
the first four months of life has not produced the manifestations of infantile cortical 
hyperostosis.*%-* It sccms likely that impaired absorption of vitamin A in oil during 
early life’? is responsible for the absence of toxic symptoms in babies fed large amounts 
of oleum percomorphum during the first months of life. Recovery from vitamin A 
poisoning is dramaticaily rapid after admission to hospital and stoppage of the excessive 
ingestion of vitamin A; in contrast, the signs and symptoms of infantile cortical hyper- 
ostosis have continued and exacerbations have occurred weeks and months after hospital 
entry when it was certain that there was no excessive ingestion of vitamin A. Scapular 
lesions are unknown in vitamin A poisoning; they have heen present in several cases of 
infantile cortical hyperostosis. Soft tissue swellings in the latter disease atc usually much 
larger and more tender and the edges of the hyperostoses are much rougher than their 
counterparts in hypervitaminosis A, 
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SuMMAKY AND CONCLUSIONS 


The clinical manifestations, the roentgenographic changes in the skeleton and the 
elevation of blood vitamin A are reported in a group of seven infants and younccr chil- 
dren poisoncd by ingestion of excessive quantitics of vitamin concentrates A and D over 
periods of several months. 

The diffcrential features of vitamin A poisoning and infantile cortical hypcrostosis 
are discussed, 

Thice types of vitamin concentrate A and D, commonly used in routine pediatric 
prophylaxis, were found to be toxic when ingested in sufficiently large quantitics over 
sufficicntly long p periods. The minimal preclinical latent period of vitamin A poisoning 
was about six cede and the minimal toxic daily dose was about 75,000 units. 

Excessive dosage was duc to overenthusiasm for vitamins and ignorance of the dangers 
of high vitamin intake. 

The hazards of vitamin A poisoning front dies rouline prophylactic feeding of vitamin 

_ concentrates A and D to healthy infants and children on good dicts are considerably 
greater than the hazards of vitamin A deficiency in healthy infants and children not ne 
_ Vitamin concentrates. 


to : ADDENDUM Ae 


Since this manuscript was sabia ff publication, two additional cases of vitamin 


t 


A poisoning have been described (Fricd, C, T., and Grand, M. J. H., Hypervitaminosis 
_ A, Am, J. Dis. Child. 79:475, 1950). The clinical, chemical and rocntgen findings are 
all similar to those in the other reposts. A total of 14 cases of infantile and juvenile 
, poieoning duc to vitamin A have now been recorded. 
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Envenenamiento Crénico Debido al Exceso de Vitamina A: Descripeién de 
Manifestacioncs Clinicas y de Roentgen en Sicte Infanies y Nitios Menores 


Las manifestaciones clinicas, cambios rocntgenugrshcos cn el esqucletu, y La clevacién vitamina A de 
sangte se rcpertan cn un grupo de 7 infantes y nifos menores cnvencnados por la ingestién de 
cantidades excesivas de conentradas dc vitamina A y D por perloday de varios meses, 

Se discuten las caracteristicas difcrcnciales del cnvencnamiento de vitamina A y ta hiperostosis 
cortical infantil. 2 
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Se encontsS que tres tipos de concentrados de vitamina A y D, comunmente usados en Ia sutina 
pediatrica profilaxis, son téxicos cuando ingeridas cn cantidades suficientemente grandcs durante 
pertodos suficicntemente lsrgos. El perfodo latente priclinico minimo de envencnamicnto de vitamins 
A fué de 6 meses y 1a dosis diaria toxica minima fué de poco mis o menos 75,000 unidades. 

La dosis excesiva fu¢ dedida al gran entusiasmo por vitaminas y & la ignorancia de los peligcos de 
alta toma de vitaminas. 

Los peligros del cnvencnamiento de vitamina A de Ja alimentacién profilactica de sutina de 
concentrados de vitamina Ay Da ipfantes y nifios sanos que ticnch bucnus dictas soa cunsidcssble- 
mente mas grandes que los peligros de !a defciencia de vitamina A en infantes y nifus sanus que 20 
estan alimentadus con concentradas de vitamina. ‘ 
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iu London, England. It fe our feeling that we have described a clinical syndrome 
and mut necessarily a specific discase. This conclusion seems sm oly justified by 
virtue of the characteristic symptomatology, the rocnigenologic appeaiaie and 
the constant response to specific, although empirie, iherapy 


Poisoning Due to Excess Vitamin A; Its Relation to Iufantiie Cortical 
Hyperostosis. Da Jonw Carrey, New York. 


The clinical, roentgenclogic and chemical findings in 4 infants who had polson- 
ing cue to ingestion of large amounts of percomorph liver oll are presented. The 
long incubation period of approximately six months is emphasized, as well es 
the rapid subsidence of the clinical manifestations after withdrawal of percomorph , 
liver oil. . 

The similarities and differences between poisoning due to.vitamin A and infantile 
cortical hyperostosis are discussed. The absence of mandibular and scarular 
involvernent, the later onset, the dramatic relief of symptoms after a few days’ 
withdrawal of all types of vitamin A preparations and the history of chronic 
ingestion of vitamin A are the principal features of vitamin A poisoning which 
differcntiate it from true infantile cortical hyperostosis. The similarity of the soft 
tissue swellings and roentgenologic findings in the skeleton in the two conditions is 
stressed. The question fs raised whether a preparation potentially as dangerous 
as percomorph liver oil and other vitamin A concentrates should be marketed 
without more precautions than are used at present. 


DISCUSSION 


Da. Huca W. Joserss, Baltimore: Since my first report (Hypervitaminosis 

A and Carotenemia, Am. J. Dis. Cuiro. 67:33-43 [Jan.} 1944) in 1944, I have had 

4 more cases, 1 of which was sent in from outside. I want to show slides on these 

to you now. The picture may fill in some of the gaps. Clinically speaking, I have 
nothing much to add to what De. Caffey said. The importance of recognizing 
the condition, I think, is great. The condition may be much commoner than we * 
have any idea of at present. {Slides} ' 
“Da. J. M. Lewts, New York: It seems to me that there are more cases of 
hypervitaminosis A than there are instances of frank vitamin A deficiency, if we. 
exclude those cases of vitamin A deficiency complicating diseases in which an: 
interference exists with the absorption of the vitamin as, for example, cystic 
fibrosis of the pancreas end ccliac disease. In other words, the danger of hyper- 
vitaminosis A appears to be greater than the possibility of development of vitamia 

A deficiency among normal infants and children. We have maintained through 
the years that supplementation of the dict with vitamin A products is superil:ous 

for normal infants and-children except in unusual circumstances when the child 
vomits frequently or refuses the major portion of its diet. Of course, childsen 
with steatorrhea and presnature infants should receive vitamin A supplements, 
preferably in the aqueous preparations. . 

Bost of the cases hypervitaminosis A have resulted from long-continucd us 

of excessive doses (1 to 2 tcaspoonfuls {8 to 10cc.}) of a highly potent preparation 
(80,009 to @,00 units of vitamin A per cubic centimeter). The possibility of 
vitamin A poisoning would be inuch more remote if the ecncentration of vitzuda A 

in all preparations were standardized to 5,000 or 10,000 units per cubic centimetet- 
Furthermore, the size of the bottles should be restricted td a capacity of 10 of 1S & 
rather than $0 ¢¢, a8 overzealous mothers would be lens Bkely to give 1 to 2 
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. 10 te sce fern nin A Prenaration when the capacity of the banle jo ealy 
10 to 1S ce. I think that, eventually, manufacturers will be required to meet ree. 
tations of this tyne. 

Da. Joux Carrey, New York: Dr. Josephs, none of these patients showed 
aceclerated skeletal development. In experimental vitamin A Poisoning with small 
avimals, Wolbach found al! features of bone Growth accelerated, especiatly tubula- 
tion, I am in complete agreement with De, Lewis. There is 20 good reason a 


dl Hyaline-like Material in the Lungs of Newborn Infants: Its Incidence, 
Pathogenesis and Role in Fetal and Neonatal Mortality. De. Hzaszar 
C Mivter and Da AM. Manny Jexxisox, Kansas City, Kan 


. Evidence has been presented in an earlier study by Miller and Hamilton indi- 
ating that the “vernix membrane” in the lungs of newhorn infants probably 
is the result eof an injury to the epithelium lining the bronchioles, alveolar ducts 


and terminal air spaces and docs not result from aspiration of the contents of the 
anuniotic sac. The nature of the injury postulated in the investigation referred to 


In the present Study an investigation was made on 4,117 consecutive births te 
determine what, if any, clinical factors might help explain the pathogenesis of this 
pulmonary lesion. There were 66 fetal and 85 neonatal deaths among the 4,117 
births; 28 of the 85 infants had lesions in their lungs. 

Based on the postrortem examination of 71 of the 85 infants who died durirg 
the neonatal period, 27.5 per cent of all liveborn infants who weighed from 1,001 
to 1,500 Gm. at birth had this hyaline material in their lungs, often in the form 
of a membrane. The incidence diminished to 11.1 ber cent among infants weighing 
1,501 to 2,000 Gm. and continued to decrease, so that in infants weighi:g more 
than 3,000 Gm. it was Practical nonexistent. The lesion was also practically noa- 
existent among infants weighing less than 1,000 Gm It farely occurred in the 
lungs of stillborn infants. The pattern of distribution was the same in both white 
and nonwhite infants in the Various weight groups. 

The pulmonary lesion was more apt to be four] among infants whose mothers ‘ 
had no serious complications of Pregnancy and labor than among those whose 
Mothers did. The lesion occurred less frequently among infants with some obvious 
Clinical or anatomic explanation for their deaths than it did among infants who 
had none. These were significant differences. 

If a liveborn infant in this series weighing over 1,000 Gm. at birth died during 
the first twenty-four or forty-eight hours of life and came to autopsy, tere was 
& 65 per cent chance that the pulmonary lesion would be observed. The chances 

Observing the lesion at autopsy was increased to 90 per cent if there was no 
Obvious clinical explanation for the baby's death and ne serious maternal comnlicae 

| 
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caw the 71 infants who had postmortem examinations and that it suet be 
Qually with other causes in !1 adcitional cases, The sex, order of birth, length 5 
+ the time that elapsed between rupture of the membranes and delivery, 7 
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SUMMARY 
Tubular reabsorption of water, according to the shifts in the endog- ~ 
enous creatinine clearance, is significantly increased following ingestion 
of dextrose in both the newborn and infants. In the first hours after 
delivery, tubular reabsorption of water may amount to as much as 
99 per cent of the glomerular filtrate. In thriving infants a notable rise 
in the glomerular filtration rate occurs {cllowing a dose of dextrose and, 
at the age of 2 months, values according to body surface may attain 
normal adult figures. In atrophic and newborn infants, the amount 
of glomerular filtration is extremely low and does not vary significantly 
following ingestion of dextrose. : : 
Bélay JAnos-Utca 53 (8). 
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HYPERVITAMINOSIS A 
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HIXPERVITAMINOSIS A is a clinical entity which occurs in. hte 
. infancy and early childhood. The pathologic processes are the 
' sesult of a prolonged and excessive intake of vitamin A and a derange- 
ment of vitamin A metabolism. Clinically, the condition is manifested 
* by anorexia, with loss of weight, extreme irsitability and fretfulness, 
low grade fever, pruriginous rash, sparseness of hair, hepatomegaly and 
exquisite pain on pressure over the long bones. Biochemically there 
are abnormally high vitamin A levels in the blood serum and increased i 
levels of the serum lipids. Roentgenographically, the changes in the 
, long Sones are distinctive, characterized especially by periosteal 
, proliferation. . 
A review of the literature uncovered a significant scarcity of these 
cases. The study of the effects of excessive dosage of vitamin A was 
limited to experimental animals, until Josephs’’ case report in IN4 
" Fevealed the existence of a similar clinical entity in man. His patient 
was a 3 year old boy who had a voracious appetite for butter, hepa- 
tomegaly and sparse, coarse hair and whose serum vitamin A, serum 
lipid and serum phosphatase levels were elevated, while the serum 
| proteins were depressed. Roentgenographically, he showed abnormal- 
ities of the long bones. The second case was reported by Toomey and 
Morissette? in 1947. Their case was similar to the one reported by : 
Josephs. They added other features which further described the condi- ’ 
tion, i.e., localized periosteal swellings in the long bones and pain in 
these areas, with complete recovery from these phenomena when vitamin 
A was withdrawn from the diet. They were also able to repeat experi- 
mentally the clinical picture in this patient after the symptoms subsided 


From the Pediatric Service of the Bronx Hospital, Dr. Bernard $. Denzer, 
Girector (retired). 
- | 1. Josephs, H. W.: Hypervitaminosis A and Carotenemia, Ae. J. Dis. Child. 
67:33 (jan) 1944. 
2 Toomey, J. A, and Meciescwe, R. A.: Hypervitaminosis A, Am. J. Dis. 
Child. 732473 (Apeil) 1947. : 
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by renewing the high vitamin A intake. Since these two reports, 2 addi- 
tional cases were recorded in 1948 by Rothman and Leon." Roentgeno- 
gtaphically, they distinguished hypervitzminosis A from infantile cortical 
hyperostosis, 

It is quite likely that the paucity of reports of cases of this syndrome 
is related more to the lack of its recognition than to its actual non- 
existence. With the widespread and intensive use, in many children, 
of concentrates containing vitamin A and the early introduction of foods 
high in vitamin A and carotene content, it is surprising that many more 
instances of hypervitaminosis A have not appeared. However, other 


. factors than simply the ingestion of lerge amounts of vitamin A may be- 


involved in the pathogenesis of this clinical picture. These factors may 
be concerned with a faulty metabolism of the ingested vitamin, a dysfunc- 
tion of the liver or disturbances in the facilities for storage, destruction 
or excretion of vitamin A. It is the aim of this report to reemphasize 
the existence of this syndrome in infants by presenting 2 additiona! 
cases, to discuss briefly the metabolism of vitamin A and to indicate 
its pathophysiologic aspects. 


REFORT OF CASES 


Case 1.—A. S., a boy 16 months of age, was seferred to the pediatric service 
of the Bronx Hospital on March 28, 1947, Lecause of protracted irritability and 
generalized muscle tenderness. 

The child was normally born at term of a primiparous mother. The prenatal 
and postnatal periods were normal. The weight at birth was 7 pounds 12 ounces 
(3,515 Gm.). For the first five months, he was given breast feedings, followed 
by supplementary cow's milk mixtures. He received orange juice and cud liver 
oil in optimum doses from early infancy and gradually was introduced to a full 
regular diet. He walked at 10 months and erupted his first tooth at 7 months. The 
child was immunized against whooping cough, diphtheria and smallpox without any 
unruward effects. ; 

The family history was noncoihtributory. The patient was well until “sometime 
between the Sth to the 6th month of age.” The mother noted then that he was in 
a more or less constant state of irritability, incessantly rubbing himself as though 
from an “itch.” This becaine progressively worse, until such time as excoriated 
arcas appeared over the lower extremities and the face. Various forms of therapy 
were employed to alleviate the pruritus, all to no avail. This situation continued 
for several months with varying periods of remission and relapse. During al! this 
time the general condition of the child remained good and norma! devclopment 
continued. However, periods of extreme irritability and crying occurred with 
increasing frequency and intensity. It was reported that at times the child would 
cry out vigorously as though in severe pain, and, if any sttempt to comfort him 


3. Rothman, P. E., and Leon, E. E.: Hypervitaminosis A, Radiology $1:368, 
1948, 
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was made, the crying and irritability became worse from what appeared to be the 
pressure of the touching hand This phenomenon progressed to the point where 
the mother could not touch any part of the child without eliciting a period of ferce 
crying. About ten dzys prior to his admission to the hospital the infant had an 
episode of moderaicly severe vomiting foilowed by anorexia. Severe tenderecss 
on pressure was noted over the upper and lower extzemitics. The feet became 
slightly swollen. Three days before his admission the child awoke with edema 
of the lips and eyelids which Spontancously disappeared in a few hours. Since the 
onset, there had always been a reddish desquamating, brawny eruption over the 
. chest, upper arms, face and the Jower portion of the legs. On the day before his 
admission the child had frequent loose stools and a “very dark” urine. AM the 
systems reviewed were otherwise normal. Physical examination revealed a fairly 
well nourished and normally developed infant who seemed to be in pain. The face 
was anxious and expressed severe discomfort. Crying and irritability were promi- 
nently exhibited. The posture assumed by the child was oftener Supine, wits both 
upper extremities outstretched and immobile. However, when he was liited from 
the supine position, he maintained himself for an adequate length of time to allow 
for feeding and other nursing care. It was significant that the arms were held ia 
& more or less fixed position of extension. Palpation of the forearms elicited shrill 
cries of pain, Extending from the wrists to an area just below the elbows were 
fusiform swellings. The soft tissues overlying these svellings were tense but aot 
- edematous. The musculature offered no tonal quality especially on active of passive 
_ motion. Over the cheeks, forehead, abdomen and the outer surfaces of the arms 
and legs there was present a dry, fine, scaly, squamous type of cutaneous lesion 
~ with a brawny nonpitting edema. The latter was only slight. The lesion of the 
skin was dull reddish and was not inflammatory or raised at the edges. Scratch: 
marks were evident throughout the involved skin areas. Except for an enlarged 
nontender liver -§ cm. below the right costal border the results of the remaining 
portions of the examination were essentially within normal limits. 

The laboratory data were as follows: Repeated examinations showed the urine 
to be normal. Hemoglobin measured 128 Gm. per hundred cubic centimeters. Red 
blood cells numbered 4,860,000 and white blood cells 39,800 per cubic millimeter, 
with 21 per cent neutrophils, 1 per cent band forms, 1 fer cent eosinophils, 74 per 
cent lymphocytes and 3 per cent monocytes. The sedimentation rate was 10 on, 
at one hour, and the Wassermann and Kahn reactions were negative Alkaline 
phosphatase measured 35 units; serum calcium, 10.3 mg.; serum phosphorus, 4.6 

* ™g., and serum protein, $.2 Gm., per hundred cubic’ centimeters. The blood vitamin 
C level was 1.6 mg. per hundred cubic centimeters. Urinary excretion of creatine 
and creatinine showed 2.46 Gm. of total hitrogen, with 41.3 mg. of creatine and 
78.5 mg. of creatinine, per twenty-four hours. The creatinine coefficient (k) 
was 10. 


Electrocardiographic studiey were repeated and the tracings were observed to 
be normal. 

On March 31, roentgenographic examination of the long bones disclosed 
Periosteal thickening involving the shafts of the right and left ulnas at the midgor- 
tions for about 2 em; the thickening gradually tapered off toward the ends of the 
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bones. There was latcral bowing of the shafts of the lower extremities, with 
widening of the cads of the bones and slight sclerosis, The epiphyses were irregular 
in outline (fig. 1). Three weeks later another roentgenographic examination of 
these same bones showed evidence of healing by the appearance of smoother 
epiphysial surfaces 


Fig. 1 (case 1).—Rventgenogram of bone of lo tremity, Note irregu- 
las epiphyses, lateral! bowing and wicca of ends, ne ee 


On Aprit 2, elcctromyographic studies were carried out. At random the 
following muscles were examined: right tibialis anticus, right quadriceps, left 
sentitendizosus and left gastrocnemius, The patient performed voluntary contrac: 
tions in all these muscles except the right quadriceps during the tracings. These 
contractions were strongest in the right tibialis anticus, with amplitudes of 20 to 
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leukocytosis subsided, and the brawn _ 
Severe pruritus became less and the irritability slowly disappeared. The general ¢ 
condition of the infant was much better, and Clinically be was comparatively well. Pa 
Serre Heat piel it fae s cele at Me sau.nc Garaget meat rare 
employed. No vitamin breparation was given, 3 
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Fig. 2—Electromyographie tracings : Pern Comtractions of right tibialis anciems + 
(case 1); lower, contractions of biceps brachii (case 2). : 
e 


At this point it was felt that infantile cortical hyperostosis could well have 


The patient did not teappear for many weeks. When, finally, he was broughs 
for examination, the entire symptom complex was still quite evident. It was 


in doses of 30 drops daily. Over a period of several months this was gradually 
“increased to°2 teaspoons (8 to 10 cc.) daily. Hence, he was receiving this caily 
dose for over a year. \It now became clear why the child improved during his 
first stay in the hospits|—simply because of the vawitting withdrawal of vitamin A. 
July & 1947, the blood level of vitamin A was devermined and found to reach 
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1,630 international pnits. The lack of cooperation did nut permit readmission of the 
child into the hospital until July 31. During this interval vitamin A was withheld 
{rom the dict. Thus, on August. 4, aluwst om month following the original 
determination of the vitamin A level in the blood, an absorption curve for vitamin 
A was made. By this time the fasting level was 294 international units. After 
ingestion of 6$,000 international units of vitamin A, the recording of levels was 
repeated at three, six and nine hours; the readings were 465, 444 and 411 Inter- 
national units, respectively (fig. 3). This curve is norma! except that a high 
fasting level for vitamin A is disclosed. The reactions to the galactose tolerance 
test and the cephalin flocculation test for hepatic function were both normal, Three 


Saal 


Fig. 3.—Curves for vitamin A absorption, 


months later repeat roempenoerarne showed complcte resolution of the previous 
abnormalities. 

Case 2—B. F., a white boy 2 years of age, was admitted to the Bronx Hospital 
on July 10, 1947, because of proteacted and severe pain and tenderness of all four 
extremities, 

On May 18, while playing on the street, he fell dut sustained no injury other 
than a mild one to his nove with slight bleeding. At that time he repeatedly pointed 


to his legs and complained of pain. This was discarded by the mother as of little or _ 


no significance, until one week later she soticed that he winced with pain each time 
she clasped his left arm. Thinking this might be related to his previous fatl, she 
consulted her physician, who assured her, after roentgenographic study of the ara 
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that no hone injury was present. Since the child was complaining of generalized 
itching aud a slight rash was Present over both forearms, an antipruritic ointment 
was prescribed. The rash, itching and pain did not subside; in fact, in the course 
of the next week, all four extremities became painful and the rash and itching 
gtew progressivcly worse. Concomitantly, irritability, which hitherte was slight, 
Row caused explosive outbreaks of temper. Repeated visits to dermatologists 
resulted only in the assurance that the child would gct well after the “allergic” 
symptoms subsided. The treatma.: in each instance was directed along antiallergic 
channels, The irritability, crurigo, pain, tenderness, crying, anorexia and associated 
loss of weight became so intense that further medical help was sought 

The boy was seen by one of us (MM. J. H. G.) on July 10. At this time the 
past and family history did not reveal any contributory information; excessive 
ingestion of vitamin A was denied. 

The physical examination disclosed a well develuped, undernourished boy lying 
immobile and quietly in bed. He was covered with scratch marks over the extremi- 
ties, back and chest. The facies was pinched and anxious and there was an expression 
of pain. The scalp hair was sparse and coarse. Gentle pressure over the extremities 
elicited outcries of excruciating pain. He cried incessantly during the examination, 
especially on palpation of the midportions of the extremities. The skin over these 
areas was Yrawny with a fine scaly type of ecrematous lesion. This extended from 
the wrists to the elbows and from just above the ankles to the tibial tubercle, 
especially on the outer surfaces. The buny structures underlying these cutaneous * 
lesions Were distinctly enlarged in the transverse diameters and appeared somew hat 
bowed because of this swelling. The liver was enlarged 2 fingerbreadths below the 
right costal border. ‘The remaining results of the examination were within fwrmal 
limits. He was, therefore, immediately hospitalized with a Provisional diagnosis 
of hypervitaminosis A or infantile cortical hyperostosis. 

After his admission, the following laboratory data were disclosed: Repeated 
examinatiuns revealed the urine to be normal. Hemoglubin was 98 Gm. per 
hundred cubic centimeters. Red blood cells numbered 4,000,000 and white biced 
cells 11,350 per cubic millimeter, with 55 per cent polymorphonuclear leukocytes, 


. 40 per cent lymphocytes and § ber cent monocytes. The erythrocyte sedimentation 


fate was 33 mm. in one hour. The Wassermann and Kalin feactions were nerative, 
Total chotestero! in the blood was 217 Mg.; Nonprotein nitrogen, 32 mg.; scrum 
calciuns, 10.4 mg.; serum phosphorus, 48 mg., and serum vitamin C level, 05 mg, 
per hundred cubic centimeters. In a twenty-four hour sample of urine creatinite 
Measured 144 mg. The spinal fluid had 2 lymphucytes per cubic millimeter and 
15 nig. of protein and 105 mg. of sugar per hundred cubic centimeters. All cultures 
were sterile The total serum protein was 65 Gn. per hundred cubic centimeters, 
with 4.4 Gin. of albumin and 2.1 Gnu of globulin. Alkatine phosphatase measured 
26.0 units per hundred cubic centimeters. The feactions to the cephalia flocculation 
and the galactose tolerance tests were normal, Electromyographic study of the left 
quadriceps, semitendinosus and both fecti abdominali muscles showed no abnormali- 
ties. Roth biceps brachii showed normal interference patierns, with amplitudes from 
50 to 8 microvolts. Hence, there was no reason to believe any neuronuscular 
disorder was present. Electrocardiographic studies showed normal Soadings. 

Roentgenographic examination of the long bones showed periosteal thickening 
involving the middle third of the shafts of both tibias, the left ulna and the lower 
part of the right ulna (fig. 4). The lower jaw, clavicies and scapulas showed ao 
abnormalities. 

Ta view of these findings vitamin A blood levels were determined. On June 2, 
the level was found to be 700 international units, em June 28, 1,600 international 
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ynits and on June 30, 2,500 international units. Ordinarily, vitamin A is not 
excreted by the kidney in the human being unless the amount ingested is huge, and 
then only under abnormal conditions. The urine disclosed 1.3 international units 
per hundred cubic centimeters and the stool 24 international units per gram, which 
is normat. The curve for vitamin A absorption (fig. 3) was distinctly abnormal, 
The fasting level was exceedingly high, reaching 1,€00 international units. Three 
hours after ingestion of 65,000 international units, the blood level was 1,976 
international units; at six hours it reached 3,743 international units, and at nine 
hours there was a slight fall to 2,$11 international units. All these findings were 
the highest bicod levels ever to have been recorded for vitamin A. 
: The mother was again questioned, after these laboratory results were reported, 
2 and finally admir@d that the child had been receiving ¥% to 34 teaspoon (2 to 3 cc.) 


ams showing periosteal thickenin: 
and of lower part of right vlna (B 
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Fig. 4 (case 2).—Roentgenog 
third of shafts of both tibias (4) 


of percomorph liver oil daily for many months, in addition to ingesting bust 
amounts of butter. It was found that on many occasions the child had raided the 
icebua and eaten from Y% to 44 pound (113 to 226 Gm.) of butter at one session 
The mother did not hesitate to use butter freely wits all foods at all meais_, 
The case ior hypervitaminosis A was now complete. Therapy consisted merely 
xa complete withdrawal of carotene foods and vitatnia A preparatiuns. The child 
was discharged from the hospital on August 7. After this, he slowly made & 
complete recovery. Subsequent roentgenologic studies revealed normal bone struc- 
ture. The hair became norms! in texture and ainount. The cutancous lesion cles 


and the symptom complex promptly vanished. : 
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+ COMMENT . 


The extensive use of cod liver oil and ite concentrates and the paucity 
of reports on any of their harmful effects in human beings may be 
responsible for the generally accepted opinion that the routine adminis- 
tration of cod liver oil in high dosage is harmless. This concept wiil 
have to be altered in view of the mounting evidence to the contrary. 
There is little doubt that many more human instances of hypervita- 
minosis A will appear in the literature in the near future. The aware- 
ness of the existence of the syndrome will greatly contribute to its 
earlier recognition. a 

The injurious effects resulting from the administration of excessive 
amounts of vitamin A have been observed and established in anim-'- 
Von Drigalski* administered 40,000 units a day to rats and repo 
the tlevelopment of cachexia, rough skin, catarrhal conjunctivitis and 
diarrhea. Collazo and Sanchez Rodriguez* observed, in addition, 
exophthalmos and spontaneous fractures. Many other workers,” as 
cited by Clausen,*-also observed injurious effects with the administration 
of varying amounts of cod liver oil. However, these workers used 
synthetic diets for their animals. Whether the results obtained were due 
to the absence of other protective substances in this type of diet or to 
toxic material in the oil used was not established. Moore and Wang,’ 
using vitamin A in the purest available fori as the crystalline vitamin 
A acetate, found it to be toxic when given in excess. ‘The lesions 
involved the skeleton, muscles and skin. It is improbable that al! the 
lesions were specific for hypervitaminosis A. In animals the charac- 
teristic lesions produced as a result of excessive vitamin .\ intake were 
skeletal fractures and hemorrhages. The fractures appeared con- 
sistently, while the hemorrhages were frequent but irregular in severity, 
distribution and incidence. The nonspecific changes often seen with 
excessive intake of vitamin A in a wide variety of oils were a rawness 
of the skin about the eyes, nose and mouth and a thinning and sparseness 
of the hair. .A rapid loss of weight, diarrhea and emaciation were 0” ) 
part of the clinical picture. The association of bone changes and her. - 


4. von Drigalski, W.: Ueber Schidigung durch Vitamin A, Klin. Wehnsche. 
12:308, 1933. 

S$. Collazo, J. A., and Simchez Rodriguez, J. S.: Hypervitaminose A, Kin. 
Wehnechr. 12:1732, 1933. 

6. Clausen, S. W.: The Pharmacology aad Therapeutics of Vitamin A, 
J. A. M.A. 218:144 (July 9) 1938 The Vitamins: A Symposium Arranged under 
the Auspices of the Council on Pharmacy and Chemistry and the Council on Foo!'s 
of the American Medical Association, Chicago, American Medical Association, 
1999. 


7. Moore, T.. and Wang, Y. L.: Hypervitamiaceis' A, Biochem. J. 39:222, 
1948. : ‘ 
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a 
rages suggested a vitamin C impairment; however, no deviation of 
vitamin C blood levels was recorded in animals, The hemorrhoges 
were cutaneous, intramuscular and uterine.” Light and his associates * 
found a hypoprothromsinemia in hypervitaminosis A which may account 
for the blecding tendency. 

Vitamin A accelerates a normal growth process in bone, and with 
excess dosage Lone changes appear which are specific and constant. 
Wolbach® showed that excessive vitamin A profoundly affects the 
growth of bone and accelerates epiphysial cartilage cell sequences; the 
degree of acccleration of growth sequences bears a quantitative relation- 
ship to the amount of vitamin A administered. Mellanby was of the ° 
opinion that vitamin A is not exactly.a bone stimulant but rather a 
“controller” of certain growth elements, the coordinating activity of 
which is necessary for normal bone production. Moore and Wang,’ 
using excessive dosage in animals, reported abnormal thinning of the 
cortex, with widening of the cancellous portion of the shafts of the long 
bones and a detachment of the epiphyses. In human beings, with 
excessive intcke thinning and irregularities of the cortex, mottling of 
the epiphyses and periostitis have been reported." 

The primary organ concerned with vitamin A metabolism is the - 
liver. Its capacity to store this vitamin is enormous,'? and it can main- 
tain 95 per cent of the total vitamin .\ reserve.'? This storage in the 
liver is considered harmless. However, any amount which overwhelms 
the capacity of the liver to remove vitamin A from the blood is con- 
sidered harmful." 

There is a tendency for each person to have a constant vitamin A 
blood level during health and under wide variations of intake.'** The . 
regulation of the blood level of the vitamin is: believed to be governed 


& Light, R. A.; Alscher, R. and Frey, C. W.: Vitamin A Toxicity and 
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9. Wolbach, S. B.: Vitamin A: Deficiency and Excess in Relation of Skeletal 
Growth (Ludwig Hektoen Lecture), Proc. Inst. Med. Chicago 16:118, 1946. 

10. Mellanby, E.: E:fect of Bone Dysplasia on Cranial Nerves in Vitamin A 
Deficient Animals, J. Physiol, 101:4u9, 1942. 
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12. (a) Davies, A. W., and Moore, T.: Vitamin A and Carotene: Distribution 
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in Harvey Lectures, 1942-1943, Baltimore, Williams & Wilkins Company, 1943, 
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13. Moore, T.: Vitamin A and Carotene: VII. The Distribution of Vitamin 
A and Carotene in Body of Rat, Biochem. J. 25:275, 1931. : 

14. (a) Josephs.* (b) Davies ard Moore.'* (¢) Josephs, H. W.: Studies ia 
Vitamin A, Bull. Johns Hopkins Hosp. 65:112, 1939; 71:253, 265, 1942. 
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by the liver.® The mechanisus for this control is sugg: sted by the 


following: (@) the hepatic vitamin A level is directly proportional to 
the duration and intensity of the dosage "*; (b) it is difficult to raise the 
plasma level beyond the normal mn 


ANIM except for a few hours nith 
excessive intake of vitamin A 's (¢) the Kupffer cell may destroy the 
liberated -xcess vitamin A': 


3 (d) the blood concentration of vitamin A 
is indepess./ at of the quantity stored in the liver and becomes related to 
the vitamin A level in the liver only after the hepatic stores have Lecome 
depleted."* However, with excessive intake over a long Period of time, 
abnormally high levels are obtained. Ilere ‘the hepatic regulatory 
mechanism fails." On the other hand, Josephs * cited the observation 
on an 8 month old infant who received 500,000 units of vitantin .\ daily 
over a period of four months and who at the end of this time disclosed 
no clinical evidence of toxicity and a normal vitamin A level in the 
blood of 110 usits. Most of the children who are feceiving excessiv 
vitamin A through error or ignorance may follow this pattern, thus 
accounting for the meager number of case reports of hunian toxicity. 

It becomes apparent that some factor must be involved in the pro- , 
duction of toxi¢ symptoms other than excessive dosage and duration 
of administration. This factor may reside in the liver. Davies and 
Moore demonstrated that deat! may occur in hypervitaminemie rats 
even though there is room for considerable hepatic storage of vitamin 
A. Fatty infiltration is found in the Kupffer cells of hypervitantin-, 
emic anima!s.?® These observations suggest that supersaturation of the 
liver is not alone responsible for the toxic manifestations. Clinica!ly, 
all the reported instanecs of this disease disclose hepatomegaly.’ How- 
ever, the laboratory data indicate no consistent findings of hepatic 
dysfunction. Abels and his co-workers showed that a derangement 
in one hepatic function docs net necessarily involve other functions of 
the liver, This may possibly explain the normal values for hepatic 
function in both our cases. Since a specific hepatic function test for 
abnormal vitamin A metabolism is not available, the nature of the faulty 


15. Lewis, J. M.; Bodansky, O.; Falk, K. G., and McGuire, A.: Vitamis A 
Requirements in Rats, J. Nutrition 23:351, 1942. i 

16. Josepls.1 Lewis and others.18 Josephs.t4e 

17. Lewis and others.s® Josephs,t+e 

18. Popper, Hi, and Brenner, S.: Fate of Excess Vitamin A Stores During 
Depletion, J. Nutrition 23:431, 1942. 


19. Bessey, O. A., and Wolbach, S. B.: Vitamia A: Physiology ard Pathology, 
J. A.M. A. 110:2072 (June 18) 1938 

20. Fasold, H.: Zur Nenntnis der Lipoidanreicherungea gach grosseren Gaben 
an Vitamin A, Zischr, f. d. ges. exper. Med 94:35, 1934 

21, Abels, J. C.; Gorham, A. T.; Eberlin, S. L.; Halter, R, and Rhoads, C. P,: 
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Process inust await evidence of pathologic involvement in human liver, 
Assuming, then, that the fault lies in a deranged hepatic function, the 
curve for vitamin A absorption shoul! reveal evidence of decreased ° 
hepatic tolerance. This is borne out by the curves shown in figure 3, 
In the first case the test was performed one month after withdrawal of 
the vitamin. ‘Though the fasting level was stil! high, the Ever had 
recovered sufficiently to absorb the excess dose given. In é\¢ second 
case, the test was done at the height of the illness, and the !.cer was 
incapable of metabolizing the excess dose, This, then, resulted 4: 9 
high fasting level and an even higher level over the nine hour period, 
with failure to return to the base. 

Since biopsy specimens of muscle in the cases of infantile cortical 
hyperostosis ** disclosed degeneration with fatty and fibrous replzcement 
as seen in muscular dystrophy or denervated muscle, electromyographic 
studies were done in both children (fig. 2). No uniformity of findings 
was encountered to indicate related neuromyogenic disease, 

In the 2 cases hercin reported, the criteria necessary for establishing 
@ positive diagnosis of hypervitaminosis A were met. There are 
(1) a history of excessive intake of vitamin A over a prolonged period, 
(2) a symptom complex which is consistent with reported findings in 
animals and human beings, (3) a gradually complete recovery after 
withdrawal of vitamin A, (4) roentgenographie bone changes which are 
similar to those resulting from excessive administration of vitamin. A 
in animals and (5) elevated vitamin A levels in the blood serum which 
are the highest recorded in the literature 


“suman 

1. Two classic cases of hypervitaminosis A are reported. 

2. Hepatic dysfunction is suggested as the basis for the pathogenesis 
of this syndrome rather than supersaturation of the liver with vitamin A. 

3. Curves for vitamin A absorption are shown as evidence of 
hepatic dysfunction. 

4. The highest blood serum levels ever feported for vitamin A 
are recorded. i 

Ss Electromyographic tracings are presented. a 

Dr. J.'M. Lewis, of Beth Israel Hospital, and the Nutrition Laboratory of 
the Mount Sinai Hospital! made the vitamin A determinations herein reported. 

1220 Grand Concourse (Dr. Fried). 

1840 Grand Concourse (Dr. Grand). 


22. Sinyth, F. S.; Potter, A, and Silverman, W.: Periosteal Reaction, Fever 
and Irritability in Young Infants: New Syndrome? Am. J. Dis. Child, 911333 


(April) 1946. 


following measles is extremely 
have not been reported in the past or because the di 


MYOCARDITIS FOLLOWING MEASLES 


Report of @ Case 


FRANK Xx, GIUSTRA, M.D. 
ame 


DONALD C. NILSSON, MD, 
SROOKLYN 


lative to the incidence of cardiac complications 


limited, Possibly because such cases 


'sease is considered 
larly is this true of the more serious abnormalities of cardiac function, 
such as myocarditis and heart block. We could find but 3 instances 
of the latte? in the literature. 


Eyster and Middleton + 


Measles causation in t] 


Lyon ® later Teported a case of pe: 


patient unquestionably 


Recently, Clark ® reported 3 ca 


“serious disorders of cardia: rhythm following 


V. FL a 8% year old 
Isla. College Hospital { 
pain and vomiting of tw 

The past history sey 


of the firs: time on May 
enty-four hours’ duration. 
¢aled that the child had been well 
ng cough at 10 months and subella at 13 months of age.’ 


record an instance of varied and 
measles, 


REPORT OF CASE - 


child of ltalian extraction, was admitted te the Long 
26, 1948, because of abdonumal 


f sheumatic fever. The family history was irreleve~2, 
Thitteen days prior to 


moderately severe measles, 
fuxemia and fever, but se 
sion to the hospital. 
——— 


*From the Department 
Island College of Medicine. 


I. Eyster, J. A, E, and Middleton, W. S.: 
Child. 29:13 (Feb) 1930, 


“fe Children, Am J. Dis. 
2. Lyon, E.: Right B 
Orient, $:400, 1946, 
3. Clark, N, 


his admission the patient ‘ad typical ‘symptoms ef 
One week was required for subsidence of the rash, 


ious anorexia and listlessness persisted antil his adsnis- 


of Pediatrics, Long Island College Hospital and Leng 
F Heart Block 


undle Branch Block Following Measles, Acta med. 


S.: Complete Heart Block in Childeen: Report of Three Casec 


ibly Attributable to Measles, Arch, Dis. Childhood 231156, 1948, 
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2 When the angle tatwcew the vertiol ard herirontied arms 
is ved the cperatiig tea anay Nave more neon to work 
in the bead, fare et meek wasters coonpromising the anesthetist’s 
Fecess to the vpper portion of ihe rospieatory track, Hl 

3. the upper Eoaiis of the drapes require angling to provide 
attisfactory operative expecting, ene of the horizontal arms can 


be moved sp H 


ay dowoward to fit the need. 

4. The frame is cdjuctobis for tateral or posterior craniotomy, 
caposurcs. 

S. For Yaterst or poterior-lateral thoracotumy exposure the 
extended arin cot he seenrely supported by tying it to the 
transverse sections vf the frame 


= HYPERVITAMINOSIS A 


Report of o Case i 


TYREE C. WYATT, 4.0, : 
CHARLES A, CALABZLLO, MLB, 
+Syrecure, MY. 
abe 
OA ELIZABETH FLETCHER, MO, : 
. : Worcester, Mes. ay 
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Hypervitaminosis A was first described in a case report by 
Josephs * in 3944, Toomey and Morizette? teported a similar 
are in 1947 sad presented evidence that the symptom complex 
was the result of hypervitaminosis A and nut hypervitaminosis 
D. Two adlitienal cases were feported in 1918 by Ruthinan 
and Leon? who emphasized the roentron observations, Since 
the patient of this report was examine by us, Dr. John Caffcy 
reported 7 aciticnal cases at the 1949 annual mecting of the 
Amcricon Pediatric Society. 


+ SUMISARY OF PACVIOUS RFroRTs 
infeal Features—Un previously reported caces the ages cf 


ase 

the 4 pationts sere 3 yerre, 23 mosiths, 14 months dd 22 musi, 
The parents in each case were extrommly concerned alcut 
adcvate vitaniin administration, and in each in ance (here was 
a history of excessive dosage with vitamin corm cntrates, The 
Predominant symptoms were Anorexia, irritability, generalized 
Pruritus and prinful extremitics, with a reluctance to stand or 
walk, Two childien had repeated infections of the Upper part 
of the recpiratory tract. There was a uniform similarity in 
physical ob:ervations: All chitdren showed a yellowish palior, 
sparse coarse hair, dry scaly lips with dlecdiny fissures at the 
corners of the mouth and dry excuriated shin. There was 
tertcrness ever the lung bones and jeneratized weakness. In 
3 children the liver was Slightly enlarged, smooth and firm 
on palpation. . 

Roentyen end Laboratory Observations.—Roentgenugrams 
revealed “eonsilc rable irvegularity in cortical Structure”) and 
periosteal elevation with a single Tayer of subperiostea’ new 
Sone formation alung the midportions of the shafts of the 
fong bones. ‘The ulna was the sist frequent site of involve. 
ment. Next in order of frequency of involvement we ¢ the 
clavicle, feniur and tibia. The important laboratory result 
unifermly obtained in all 4 Cases was a significant elevition 
of the sev vitamin A level above the accepted normal value. 
In 2 cases tie seruin alkaline Phosphatase level was increased 
above normal, and in 2 cases high normal valucs were Fresent, 
Ail children showed a slight to minderate degree of anemia 
The erythrocyte sedimentation rate was increased in 2 cases, 
normal in J and undetermined in the fourth, 


REPORT OF CASE 


History.—B. S, a white gil 3 years of age, was admitted 
Aug. 24, 19:8 to the pediatric service of Syracuse Memorial 


——e 


From the Pediatrie Nepaitment of Syracuse University Cullere of 
Medicine and Syencuse Memorial Hospital (in, Waste and Caratelia)s 
fecaa the Departiacnt of Kecatycnolngy, Fallon Chive, Worcester, Mare 
(Ue. db etehar), 

§. Huresshe, If. Wot Bvperviter'noste A ard Carotinemia, Am J. Dis, 
Chihd. OF133-48 (Jan) 1948, 

2, Teemey, J. A., and Murisette, R Aut My peevitaminesis A, Am, J. 
Die, ChIL TAL sd KO CAvoedd 1947, 

3. Rohewn, PL A. and Leon, BL Bt Myo.s taminasie A, Radlolbicy 
B20 368-574 (Supt) a9e8, 


«froin the hospital: 


Ve thie 


Voraital with anorexia, tenderness of the extremitios, lew Rtate 
fever, Weal.ness, pronounced irritubility and severe Rerevaling 
wruritus sand seratehing, espevially severe in the lower exter mie 
ties; symptoms were of twa weeks? dusation. "Me chitd faty 
that she could not walk preyerly aud deseriled a SORA tiOn af 
“walking on stones.” She erie! Whenever the muather Aen ted 
ta pick her up, er past history included frequent infections 
of the upper part of the respiratory tract but no Chilttsycad 
Miscases, Feasting in infancy had consisted of evapc ented mith 
formela with the actition of the usual vitamins, cereals and 
vegetables, The child vas immunized araing diphtheria, 
tetanus, whooping cough and smlpox during the first year, 
The family history was fom wutributory, 

Significant Physical Observations —The skin was pale ang 
sallow, ‘vith severe excoriations of the legs and hack, There 
was mild cervical adenopathy, The arins were Cocidedly temler, 
ard in adslition the patient exhibited ccneralized Wweakney, 
extreme irritubility and onstetiliness of gait, 

Laborstors Data-—The complete bloud count on adinissiog 
was esscatistly normal. Ten days later the white Mood ect 
count was 14,900, with a normal difcrential. The urine was 
formal on repeated examinations. The erythrocyte sedimes 
tation rate (Wintrote) was 36 nun. in one June, The hemato- 
crit was 30 per cent, the icterus index §, Cerebrospinal fluid 
fruin a lumbar puncture wes normal. Throat cultures were 
Negative for hemolytic steepteceeci and diplithicriae. Std 
examination showed no parasites, Reactions of spinal Guid 
and blood to the Wasscrmann test were negative. Heterophi 
antibuly titers were within normal limits. The ‘fantoux 
test with O.1 ing. of old tuberculin was negative. Roentgene 
grams of the chest and abdumen showed no evidence of abnor. 
mality, Rocntgenugrains of the long bunes revealed changes 
in both ulaas (see the Accompanying figure), These consisted 
of elevation of the periosteum with subperiosteal new bone 
formation alung the medial aspcet of the milpurtion of the 
shafts, The metaphyees and cpiphyses appeared nocmal. 

Progress in the Hospital—Mtee the child was in the hospital 
ten days there was i:nprovement of the Peuritws and less irritae 
bility. The weakness and unsteady gait appeared tess Pio 
nounced. Treatinent during this period consisted of sedation, 
luzal treatment for pruvitus and administration of vitamin B 
ccanplex. The chitd was discharged cightcen days after admis 
Sion, te'erately improved, with a Ciagnosis of periostitis and 
Gencralized pruritus of unknown causation 

Progress Since Discharge from the Hospital--The child was 
an office .aticnt on Sent. 20, 1948, nine days after her discharge 
she ealibited essentially the same clinical 
Contition as she did un leaving the hospital. There was slight 
excoriation of the shin and a slight infection of the upper part 
of the respirstory tract The crythrocyte sedimentation rate 
‘Was now normal. The blood valucs were normal except for a 
total leukocyte count of 14,000 with hounal diferential coun. 
During the foltowing week pruritus, irvitability and weakness 
increased. In ashlition, it was noted that the paticnt's haie 
was becoming sparse. After ste felt, the hospital there was 
Pronomced loys of hair on the sides of the ead anterior to the 
cars and Gecided recer:ian of the hair fine along the forchead 
The remainder of the hair was thin and dry, At this time the 
Pronounced similarity between this and the reported carce of 
hypervitaminosis A became Apparent to us. On questicning the 
moter, it was learned that the paticnt kad been recviving 
Appresimately $09,060 to £00,000 units of vitamin A and 000 
to 70,009 units of vitaain D daily in the for:n of perecanorpe 
liver oil since 14 months of aye a period of almost two yearn 
Scrum vitamin A deterinination done at this tin ¢ revealed 127 
Microsrams (423 units) per humlred cubic centineters, as 
cympand with a normal ranze bf 1S to CO miciugrams jer 
hundred cubic cemtincters.6 The alkaline phosphatase level was 
77 Dodonsky units, Reentyenugrams of the bung buncs shaved 
@ slight incecise in the teriusteal reaction in the ulnas. _The 
other Leones munained normal in appearance, After discontinue: 


mene nae 


4. Be Daniel Rickert, Department of Viecheralstey, Syrocuse Usk 
Verity Colkce of Medicine, eeade the test, ‘. 

$. Moab, P. i: Over, B. L, cad Sun merson, W. H.1 Pesctiond 
Phy sichkyead Cheaioteg, 4. 92, New York, The Diskistua Cemprayz, 
3947, Fp. 1007-dueB, ‘ 
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ieee TEMPORARY RALDNESS--REICUES AND LANE 


ee warn @ 
e . 
sed the poreemorgh fiver ail dosace the pruritus subsided 
we tothe oss ineitabality cad weakness 
nad within death recovery wars apices 
ret Kestitgenegeaphie esamination af the jong 
bans on May 28 1999, revealod that Luth ulnas were normal, 


COMMENT 
fa reviewing the cates reported previoudy it is notewarthy 


that the correct Cicgnosis was ucily made in rctrotpect after 
aidiional history was clvaincd (perhaps with ditieulty) from 
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Periostcal elerstion and thickening aking the shafts of both ulnaa 


Le parents. This point was emphasized by Dr. J. M. Lewis,® 
wh related the ciMculty he caperienced in getting a mother to 
alot the adininistration of large loses of vitamin A to her 


“tehy, However. with the persistent extremely high vitamin A 


ssventrations in the plasma (€90 U. S. P. units per cubie 
imeter) as well as rocntgenographic changes in the long 
Lunes, he was convinced of the likelihood of hypervitaminosissA 
and Anally obtained adinission that the infant had reccived J to 
2 tvaxjeons (§ to 10 ce.) of vitamin A and D concentrate for 
Several months, 

The members of the medical profession have lung becn coa- 
cerwd with the diseases resulting from insuMcient vitamin 
intake, Recently we have appreciated the scrious dangers of 
onudogage with vitamin D. We are now sccing cases of dis 
tiled physisiog’c conditions following excessive dosage of 
vitamin A. Fortusately, recovery has been prompt and appar- 
ently complete an che withdrawal of the vitamin In experi- 
Becmtal animals fete! doses of vitamin A have been administered, 
Tn man the possthitity of Permancut hepatic damage must at 
hast Le considered, 

Administration ef larjye doses of vitamin A may be well 
Wlersted fur long peciods of time. When it is ingested in large 
Gantitics it is racitly cesmoved from the Mod and stored in 
the liver, maiettoing normal blood lewels. Mypervitaminasis A 
has ova been prodtiuced in comtralted cares of excessive vitaasin A 
wlninistration uveg a perivd of several months, This obser- 
Vativn fed Josp ts! to sup gest that in pationts in whut clinical 
hypervitatainecis A develops there imay be either an inirinsé 
alteration in the royulatery nicchanisa of vitamin A storepe 


6. Lewis, J. Mii Perovasl cunmuntcation te the auiLera, 


ie ee Goes 


and met.botiom of an alteration that is a consequence of 
vilamin A overdosage, Others have suprested that clinical 
hypersituminoss A develops only after the liver is heet-d with 
the vitamia so that it ix na Jonge able to remuve from the 
Circulation: the excessive amount ingested, 

The ctivlegic basis of the clinical cbtervations in hyper. 
vitaminosis A is still obscure. The skin and hair chanres in 
man and experinental animals are suggestive of vitunin A 
deficiency. Josep list suggests that the clevated pleusplatase 
level, which is probably responsible for the Lone chanzes, may 
be sceonlary to hepatic da:nage produecd by overdisage with 
the vitamin. t 
sUMMARY 


A care of probable hypervitamirosis A has heen reported, 
The clinical observations followed remarkably those described 
previously in 4 paticnts by Josephs, Toomey and Rothman la 
this conditicn the symptoins subside dramatically when the 
Vitamin is withdrawn, aithough the alsermat results of labora> 
tory and roentgen studies may persist inuch longer. 


TEMPORARY BALDNESS DUE TO COLD WAVE 2————™ 


THIOGLYCOLATE PREPARATIONS 


AL 2 REICHES, 4.0, 
ond 
CLINTON W. LANE, M8, 
St. Lovie 


Among the millions of cold wave permancnts cuntaining 
thioglycolate which have Leen uscd by wonren at home and in 
beauty salons thove have been cnly a few with deleterious 
effects on the skin and scalp. For the most part thse have 
been cuntitored due to primary itpitation from the use of the 
aminonivm salts of thioslycetate, and rarely to ccacmatous 
hypersensitivity, The dermatitis is usually found: on the fore 


head, ears and nuchal regions.” Fragmentation and splitting of * 


the hair are uot uncommon, 

We are reporting two cases of temporary baldness folluwing 
the use cf cold permanent waves containing ammonium thie 
glycolate. The two cold wave permancnts were given ia 


rs 
Re Mey 
eee etree occ aats seen b ec ntemeweenes carctre 


Fir. 1 fcave 1).--View of (rental region eof scalp showing partial hale 
fone with fragenntstion of hale, ‘ 


‘different beauty parlors, and two different camimercial ureparas 


tions of ammonium thioglcolate were used. The firsy pationt 
began to have a regrowth of hair in approaimrtely three weeks; 
the regrowls of hair in the sccond woman was visible alter 
twenty days 
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Myositis Ossificans Progressivi—H. D. Riley, Jr., & A. Christie .... 753 


Factors Affecting Prognosis of Tuberculous Meningitis Treated with 
y Streptomycin—L, Finberg 


Hepatitis and Nephrosis Due to Soluble Bismuth—S. Karelitz @ A. 
| D. Freedman : 


Tnfluence of Diet on Occurrence of Hyperphosphatemia and Hypocal.- 
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Case of Adrenogenital Syndrome with Hypertension Treated with . 
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Left Coronary Artery from Pulmonary Artery—Helen I. McKinley, 
Jeanne Andrews & Catherine A. Neill 
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"Fig. 1, Hyperostoses of inferior portion’s of both clavicles, most matked on right. 


of infantile cortical hypcrostosis was made. Three days before admission patient's foot was noted to 
be tender, and L arm was tender on moving. No history of {njucy or of fever. Patient was so 
irritable and..suffered such pain on movement that soe was carried aout on a pillow and in such’ 
@ manner she arrived on the ward. 

Examination: Temperature was 38° C., PR 160/mm. Respirations 22/mm. Weight 7.5 kg. Head 
measured 47 cm. in ciscumfercnce. Crown-to-heel length was 73 cm. Chest circumference was 43 cm. 


Entire skull was extremely soft. Characteristic “ping-pong ball” sensation was felt in all areas of the . 


skull. In some areas, particularly about the anterior fontanel, so much softening had occurred that the 
skull felt more like a stiff membrane than bone. It was impossible to outline the anterior fontanel by 
palpation. These was a bony fusiform swelling at distal end of Sth metatarsal of R foot but nov safe 
tissue swelling. Particular pain was produced when L upper extremity was moved, Liver was felt 2 
cm, below R costal margin. Remainder of examination was normal. 

Laboratory Data: Hyb. 12.4 gm./100 cc.; RBC count was 4.2 million/cemm.; WBC count was 
3.0 thousand/cmm. with normal differential count. Stippling was not scea on examination of 
fresh preparation of red blood cells. Blood scrology was negative. Old tuberculin skin test 1:1,000 
was negative. Blood chemistry showed Ca 10 mg./100 cc. P 3.9 mpg./100 ce., alkaline phosphatase 
17.9 Bedansky units, total proteins 6.8 gm/100 cc. with 3.3 albumin and 3.3 globulin. Plasma 
vitamin A was 257 g/100 ce. (normal 30-60). Plasma carotene was 267 1g./100 cc. (normal 
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Fic. 2. Hyperostoses of R 4th and sth Metatarsals, : 


other changes, Left ulna shows a definite zone of hyperostosis at dista] 
3). Metacarpals are normal. Distal ends of both ulnae are slightly denser * 
af 3s uspal.” 
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HYPERVITAMINOSIS A - 791 


None of this is evident in the later films. These interesting bone changes are, in the hyperostotic 
aspect, typical of hypervitaminosis A.” 

Patient seturned for sc-examination at age of 15 mo. Again no abnormalities were found. Growth 
and development were groceeding normally. RGs of clavicles and R metatarsals overlooked on 
previous examination were taken. They showed complete clearing of previously described hyperostoses, 


Re om ur 
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Fic. 3. Hyperostosis of L ulna in distal partion on radial side. c 

Fic. 4. Two months after withdrawal of vitamin A showing absence of previously noted ulnar 
hypcrostusis on left. 

Discussion 

Moore® and later Wolbach,? investigating the effects of hypervitaminosis A in rats 
and guinea pigs, found that there was a speeding-up of the metabolism of epiphyscal 
cartilage cells which resulted in their rapid maturation, degencration and death. There 
was 4n increase in epiphyseal bone formation, and the shafts of the bones were being 
reinforced with bone from the epiphysis and from appositional bone growth, However, 
the resorption of bone was greater than its formation, and a resultant lag of calcification 
occurred which produced fractures from ordinary stress and strain. There were no 
histologic chznges i> the thyroids, parathyroids, adrenals or pituitaries of the laboratory 
animals that could explain the bone changes that were found. 

The clinical course of hypervitaminosis A differs markedly from that scen with hyper- 
vitaminosis D,* although some of the syrnptoms may be identical. In hypervitaminosis D 
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the symptoms are more acute and consist of a sudden onset of severe anorexia, nausea, 
vomiting, thirst and constipation. The infants become progressively dehydrated, irritable, 
depressed and drowsy. Abdominal pain, muscle cramps, pallor, weight loss and finally 
stupor ensue. The blood pressure is clevated, there is moderate fever occasionally, and 

evidence of renal damage is present. The serum calcium and phosphorus are elevated in 
practically all cases. Accessory clinical findings include an clevated sedimentation rate, 
leucocytosis and anemia. In nonfatal cases vomiting ceases in 8 to 15 days after with 
drawing vitamin D, Renal function rcturns to normal in 2 to 4 weeks, but the blood 
pressure may be clevated as long as 6 months. Scrum calcium and phosphorus levels 
return to normal slowly. In more scrious cases recession is slower, and rclapses occur: 
Nervous symptoms may be present, such as hypotonia, loss of equilibrium and insomnia, 
Occasionally muscle twitchings occur, and rarcly convulsions. When death occurs it is 
the result of uremia or brain hemorrhage. Treatment consists of discontinuance of ad. 
ministration of vitamin D, exposure to sunlicht, milk feeding and use of any other foods 
of high calcium content. Bad prognostic signs are high blood pressure or increased 
nitrogen retention. High serum calcium and phosphorus levels are not necessarily alarm- 
ing. Pathologically there is a widespread metastatic calcification involving the pancreas, 
lungs, synovia, dura, gastric mucosa, heart and blood vessels, subcutancous tissue and the 
kidney tubules. ‘ 

In the past, and probably to some extent at present, hypervitaminosis A has been 
confused with infantile cortical hyperostosis. Caffcy* pointed out that there are only two 
similaritics between the two conditions. These similaritics are cortical hyperostoses and 
tender soft tissue swellings. On the other hand, there are many features which separate 
the two entitics. Infantile cortical hyperostosis occurs during the first four months of 
life, occasionally even being present at birth, while hypervitaminosis A rarely occurs 
before the twelfth month. The mandible has been involved in every case of infantile 
cortical hyperostosis, whercas it has never been reported involved with hypervitaminosis 
A. Lesions of the metatarsals are constant with hypervitaminosis A, but only one case 
of infantile cortical hyperostosis has shown such involvement. Lesions of the scapula are 
unknown in hypervitaminosis A, but occur occasionally in infantile cortical hyperostosis. 
Soft tissue swellings in infantile cortical hypcrostosis are larger and more tender than 
those with hypervitaminosis A. Fever is a promiacnt symptom in infantile cortical hyper- 
ostosis, but is absent with hypervitaminosis A unless a secondary infection is, present. 
Vitamin A plasma levels ate always elevated markedly in hypervitaminosis A, while they 
have been normal in those cases of infantile cortical hyperostosis in which they have 
been studied. A history of excessive intake of vitamin A is constantly present in cases of 
hypervitaminosis A and absent in those of infantile cortical hyperostosis. 

Craniotabes may occur in a varicty of conditions, such as rickets, iediaichaun 
osteogenesis imperfecta and congenital syphilis, A congenital type® has also been de 
scribed. When craniotabes is sccn as an carly manifestation of rickets, there is softening 
along the suture lines of the squama of the occiput, of the posterior parts of the parictal 
bones, and along the borders of the large fontancl. in these arcas finger pressure causes 
indentation of the bone with resiliency resembling a ping- pong ball. The soft areas have 
a parchment-like consistency at times, This picture is scen in the first few months of life 
when the rachitic process begins. The craniotabes may disappear before the end of the 
first year, even though the rachitic process continucs. Examination reveals the presence 
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of congenital craniotabes in 10 to 35%¢ of all newborn infants. Premature infants have 
a higher incidence than those born at full term. Congenital craniotabes, however, has not 
teen found in infants born after breech presentation; so the thinning may be due to 
intrauterine pressure against the maternal pelvis. Chemically there is a diminished calcium 
and phosphorus content at the site of the porotic bone. Probably the condition is caused 
by discrepancy between rapid growth of brain and calcification processes in the vertex 
in the last month of gestation, It is associated with a generalized Ostcoporotic process in 
the newborn infant. However, it is not associated with clinical, radiologic or chemical 
manifestations of rickets; morcover, the softness is limited to arcas proximal to the 
sagittal suture and docs not occur in the Jaterc! parictal arcas as it docs in rickets. Con- 
genital craniotabes occurs twice as frequently in Negroes as in white infants. It usually 
disappears in the fitst few months of lifc, but must be differentiated from lacunar skull 
and osteogenesis imperfecta, The condition may be related to deficient maternal dict and 
intake of vitamin D during pregnancy, since there is an inverse relationship between the 
amount of sunlight exposure to the mother while pregnant and its incidence. 

When vitamin A is ingested in large doses, it is rapidly removed froin the blood and 
stored in the liver, maintaining normal blood levels, It is, therefore, not unusual that large 
doscs of vitamin A may be well tolcrated for long periods of time. Josephs’ reports that 
the toxic effects of vitamin A may be due cither to an intrinsic alteration in the regulatory 
mechanism of vitamin A storage and metabolism, or to an altcration that is a consequence 
of vitamin A overdosage. The clevated phosphatase level, which is probably responsible 
for the bone changes, may be secondary to hepatic damage produced by intake of excess 
vitamin A. Animal experiments indicate that the toxic effects on bone consist of a speed- 
ing up of all normal processes and that decalcification proceeds faster than new bone 
formation, and we may speculate that the craniotabes present in this case resulted from 


such a sequence of events. Since craniotabes, no matter what its cause, is confined mainly 


to a younger group of patients than hitherto reported with hypervitaminosis A, its absence 
in the reports of previous cases is not strange. 


SUMMARY 


An unusual case oF hypervitaminosis A with severe craniotabes in a 6%4 month old 
infant is presented. This is the youngest infant reported with this condition and the first 


to present craniotabes. ‘ 

Symptoms of hypervitaminosis A arc compared with those of hypervitaminosis D and 
with those of infantile cortical hyperostosis. In the case presented prompt and complete 
disappearance of craniotabes and other symptoms followed withdrawal of administration 
of vitamin A. 
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REPORT OF A CASE IN AN ADULT 
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. The paucity of published reports of hypervitaminosis 
A indicates the relatively low incidence of this syndrome. 
However, the increasing number of publications about 
the symptom complex since Josephs’' article in 1944 
suggests that many cases of clinical hypervitaminosis A 
ra have been overlooked in the past. Prompted by new 
findings, leading medical journals on cach side of the 
Atlantic Ocean recently have had editorials on the 
subject.? i 
. In addition to Josephs’ description, Toomey and 

Morissette,?, Rothman and Leon,‘ Fried and Grand,® 
Lickcy and Bradley,* Wyatt, Carabello and Fletcher 7 
and Caffey * have presented additional material concern- 
ing the now well established syndrome of hypervitami- 
nosis A in man. Furthermore, experiments on laboratory 
animals given large doses of vitamin A have not only 
helped to delineate the clinical signs but, of greater im- 
portance, have provided material for the study of physio- 
logical, chemical and histological changes induced by 
overdosage with this generally comparatively ini,ocuous 
substance.® : 

As far as we have been able to ascertain, at the time 
of this publication all the cases presented (cight reported 
ip full and casual reference to cight others) have occurred 
in young children. Our patient was an adult whose 
physiological, chemical and general body economy would 
obviously ditfer from that of a child or infant. As de- 
scribed below, despite this distinct age differential, the 
general syndrome in our paticnt was basically similar to 
that previously reported in infants and children. 


REPORT OF CASE 


Mrs. N. R., a 44 year old white woman,’ was first seen by us pe 
on May 25, 1950. While she consulted us chiefly because of SD 


excersive loss of hair, it developed that during the preceding six © = 
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months the patient had been experiencing various _fMficultics,- 
which included the following: (1) For five months prior to cur 
sccing the patient, her menstrual cycle, though regular, was three 
days shorter than previously. The flow lasted five days instead 
of cight and was less than usual. A thorough examination by 
her gynecologist revealed no abnornialities. (2) Generalized pin” 
and bone puins, migratory in nature, were first present in March 
1950. These were treated by thiamine and penicillin injections 
with equivocal results. The severity of the pains fluctuated a 
great deal so that at times they Would disappear spontancously; 
though the discomfort was great, at no time was it necewury 
for ordinary houschold duties to be put aside. (3) Examinations 
performed because of the pains led to the discovery and eatrc- 
tion of two infected tecth. These extractions, performed in March 
1950, did not check the joint and bone pains. (4) Soreness and 
fissuring appeared in January 1950 at the corners of the mouth 
and the nasal apertures. These also were treated with a series of 
thiamine injections; there was no appasent improvement. (5) Shia 
changes which Jominated the complaints included generalized 


, Pruritus, a dry, rough shin with a widespread branny desquama- 


tion and excessive loss of hair beginning in the last two months 
with thinning of scalp hhir and loss of the eyebrows, eyelashes, 
axillary and pubic hairs and fanugo hairs. (6) She expericnced 
night sweats during the last six months. (7) According to the 
patient, her eyes were more prominent than they had been previ 
ously. : 

Family Histury.—The pztient’s family history was noncon- 
tributory. There was no history of shia disease, abnormalities of 
hair or nails, atopy or other familial disease. 

Personal History.—At age ©, the paticnt had aa “eczema” 
between her fingers. In 1941 an amputation of the cervix was 


* done, and in 1947 the patient had virus pneumonia. Otherwise, 


the paticnt has always been a generally healthy person. 

Physical Examination.—Abnormal findings included tendes- 
ness over various long bones, the spine and the large joints which 
could be elicited by deep pressure. A slight bilateral exoph- 
thalmos was observed which the patient staicd had been present 
for several months; but one must view this observation as being 
of doubtful significance, for we had not seen the patient prior 
to the onset of the syndrome. All the other abnormal findings 
were limited to the skin and its appendages. 

The shin fas generally warm and dry. ‘The hairs of the sculp, 
aaillary and pubic areas were coarse, brittle, dry und easily 
pulled from their moorings. Thuse comprising the cycbrows und 
eyelashes were almost entirely gone, und no linugo hairs could 
be found anywhere on the body. The scalp hair present was 
ditlicult to manage and appeared unkempt. A chloasma-like of 
Richl'’s melanosis-like pigmentation was prevent on each side of 
the face and neck. A pruritic, eacoriated, superficial and finely 
scaling dermatosis was present over the upper back and all the 
catremities, Distinct, elevated, minute follicular papules and 
follicular hyperkeratoses were evident on the extremities and, ia 
particular, on the thighs and lateral surfaces of the arms. Slight 
scaliness and superficial fissuring were present at the nasal aper- 
tures and corners of the mouth. Papular ucneform and milia-like 
lesions were present on the face, particularly on the forchead. 
The finger nails were soft and brittle, und onychorsheais was 
present. 

Further que-tioning at this time revealed that the patient had 
been taking about 600,000 units of vitamin A daily during the 
18 month period prior to our seeing her. This self ncdication was 
inspired by a tadio “nutrition Commentator” who suggested thut 
vitamin A was good for “alleviating dry throats and us a prophy- 
lactic fur colds.” Ove patient grasped this cue und, in her cul, 
established a daily 600,000 unit dose (supplemented by dws of 
1,000,000 units 2,000,000 unity vn special occasions, ¢. 74. 
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suspicion of oncoming colds or dry throat). The vitamin prepara- 
tion employed was supplied in $0,000 unit capsules by a Large 
focal pharmacy and contained no vitamin D. The patient's 
husband somehow began to suspect that this vitamin might’ be 
harmful, and the medication was stopped voluntarily on May 
20, 1950, five days before we saw the paticnt for the first time. 

Several urinalyses gave results which were normal in every 
respect, including that for calcium excretion. Basal metabolic 
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Fig. 1.—Photograph taken June 1, 1980. Note sparsencss of scalp hale 
and unkempt appearance. The scalp may be seen easily through the hait. 
(Vitamin A sclt medication started about Dec. 1, 1948 and stopped on 
May 20, 1950.) 


rates determined on two occasions one week before we saw the 
paticnt were + 7 and 0; two determined six years ago were — 9 
and — 4. Rocntgenograms of several fong bones and joints were 
made June 1, 1950 and showed only normal feaiures. Those 
areas tender on deep pressure were selected for radiography. A 
scout film of the abdomen revealed no abnormalitics such as 
renal calculi or rictastatic calcification. 

Therapy and Course.—The only therapy advised was that of 
continued avoidance of the supplementary vitamin A intake, the 
patient having ceased to take the vitamin five days before secing 
us. Those foods containing large amounis of vitamin A were 
- gestricted as much as possible. Though vowing to cooperate, the 
paticnt_was reluctant to belicve that ahything as bencficial as a 
vitamin could actually have caused such difficulties. 
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Fig. 2.—Photwpraph taken june 4, 1980. Note loss of eyebrows and 
fyelishes, Small mit.atikhe lesions may be seen just above the glubella. 
Chioarma-like pigmentation is apparent on the Jateral aypects of the fure- 
head. 


Within 10 days after the patient stopped taking the vitamin 
A, the joint and bone pains disappeared, as did the prusitus and 
superficial branny desquaniation of the shin. The paticnt now 
was convinced of the role of the vitamin in the syndrome, ‘The 
follicular hyperkeratoses on the extremities und fissusing at the 
comers of the mouth and noe were ge se several days tater 
Because of the rapidity of involution of these particular lesions, 
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we unfortunately missed the opportunity of getting photographs 
of them, However, the following photographs, taken on June , 
1950 (figs. 1, 2 and 3), give various views of the remainder of 
the syndrome, as evidenced by the pigmentary, fair and shin 
abnormalities seen on the head; and the photographs, taken on 
Sept. 26, 1950 (figs. 4, $ and 6), show the evolution of these 
changes during the approximately four month abstinence from 
vitamin A medication. 

As the Jatter half of June approached (four weeks after the 
cessation of additional vitamin A consumption), new, fine and 
coarse hairs began to appear in all arcas where previously they 
hed been lost. However, the finger nails continued to become 
worse, and it was only at the end of July (10 wecks after the 
vitamin A capsules had been discarded) that they begun to show 
a tendency to revert toward normal. Though the dystrophy and 
recovery of the nails did lag behind that of the other cpidcrmal 
appendages, when seen in September (about four months after 
the original visit) the patient was normal except for the shortness 
of the hair and the residual chloasma-like pigmentation (tigs. 4, 
5 and 6). 


wl 


Fig. 3.—Photograph taken June 1, 1950. Chioasma-ltke pigmentation fe 
easily secn, as is the lack of eycbrows, cyelashes and facial hair, Milla-tike 
lesions are present on the cheek. . if 
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The night s -ats disappearcd, and sweating was reported to 
be normal throughout the summer. 

The hair gradually became more manageable, and its fall 
became minimal by mid July. The menstrual cycle rcturned to 
what it had been one yeur previously and to the normal intervals 
which had always existed prior to that time. Little or no change 
occurred in the slight crophthalmos. At no time did the paticnt 
expericnce dilliculty with her eyesight, though she did claim that 
her eyclids had a “granular fecling” shortly before she came to 
the oflice. 

COMMENT . 


, Although the picture of hypervitaminosis A is not yet’ 


generally well known to clinicians, there are sufficient 
reports and experimental data for one to consider it a 
well estiblished and characteristic syndrome, Its inclu- 
sion for the first time in standard American medical text- 
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books "* will doubtless lead to a More Eencral recognition 
of this symptom complex by the practitioner. 

As far as we have been able to discover, up to the 
Present all articles on the undesirable effects of excessive 


- amounts of vitamin A have dezit with the syndrome as 


occurzing in very young children and laboratory animals, 
To the best of our Knowledge the Present report is the 
first to record observations of hypervitaminosis A in the 
adult human being. The findings closely follow the pat- 
tern already established in children and experimental 
animals, but several deviations from and additions to the 
accepted syndrome were Present in this case. 


Menses.--As all the Previously reported cases oce* 


curred in infants, the menstrual changes, in our patient 
aulomatically introduce another and new aspect of pro- 
Jonged vitamin A overdosage. One cannot rule out the 
possibility that the menstrual changes in our pationt may 
have been a spontancous or physiological alteration-since 


the paticnt was in the age group of those often under- 


£Oing menopausal changes. Nevertheless, the onsct of 
the menstrual disturbances at the time of the other dis- 
turbances and the reversion to normal menses when the 
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“Fig. 4.—Photograph taken Sem. 24, 1950. Note regrowth and orderly 


8presrance of the salp hair. Short hairs extend over the upper part of 
the forchead. Note the return of the facial, eyelash and eyebrow hale. 


vitamin A medication Was stopped speak strongly in 
favor of the assumption that the alterations in menstrua- 
tion were actually = part of the hypervitaminosis A 
syndrome. If this assumption is correct, then either endo- 
crine imbalance or disturbances in bleeding or congue 
lation might, one or both, underlie the menstrual aber- 
rations; the few studics done On Our patient shed no 
light on the cause of the Menstrual changes. + 

In this connection it is noteworthy that in other cases of 
hypervitaminosis A, hypoprothrombinemia, correctable 
by vitamin K administration, has been shown to be the 
basis for hemorrhages (for example, such as that which 
followed tonsillectomy in Josephs” patient"), Severe 
hemorrhage and even death have occurred spontane- 
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ously and after minor trauma in animals with hyper. 
Vitaminosis,"# Therefore, in ANY Suspected oF proved case; 
of hypervitaminosis A, caution should be exercised jn 
regard to interferences that might cause bleeding. Even 
minor surgical procedures may precipitate severe hemor. 
thage—though this fortunately did not occur after dental 
extractions in our Paticnt. : 
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In eyebrow und cyclash areas, as well as On the face. Chivesma-libe ba: 
mentation may still be secn on the forehead, Mifia-tike lesions are gune. | 
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Although the mechanism of Yilamin A hypoprothrom- 
binemia is unknown, it appears possible that the excess 


i 
Fig. $.—Photograph taken Sept. 26, 1950. Note €Xcellent hale tertome 
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of vitamin A may perhaps interfere with the synthesis g 
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the face und feyrowth in the eyebrow and tyvlavh areas. Uhe chlvssms need 
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absorption or increase the need for vitamin K, o¢ it may 
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The fractures observed in the animal with vitamin A 


toxicosis are not picvented by vitamin K which, how- 
ever, corrects the ever present hypeprothrombinemia. 
. These two nunifestations may also be isolated from one 
another by the administration of bishydroxycoumarin 
(dicumarol’ ) which causes hemorrhage but not frac- 
tures,'? 

Pigmentation. —Not heretofore described as a com- 
ponent of this syndrome was the chloasma or Richl's 
melarosis-like pigmentation present in our paticnt. 
Again, one could speculate about the appearance of this 
pigmentation being a coincidence instead of a result of 
the excessive vitamin A intake. Yet its concomitant ap- 
pearance with the other well established signs and symp- 
toms and its fading on withdrawal of the vitamin A 
(though during this three month period the patient was 
exposed regularly to the summer sun) lead us to incline 
{o the opinion that this is a newly obsérved.componcnt 
of liypervitaminosis A. Our meager understanding of the 
basic physiological mechanisms underlying the appear- 
ance of chloasma or Richl's melanosis makes it ....possi- 
ble for us to explain this phenomenon. 


Skeletal System.—A pparently the n.ature structure of | 


bonc is not so labile as a child’s in its response to outside 
influences. This could well explain why the roentgcno- 
logic features regularly and characteristically found in 
children were missing in our adult case. Wolbach and 
others make the following statement in connection with 
their extcnsive studies in laboratory animals: “It should 
be kept in mind that the zesults on bone of excessive 
vitamin A administration are exhibited only in the grow- 
ing animal and only in regions undergoing growth.” ** 
Moore and Wang noted the same findings and wrote: “In 
adult rats, the bones are probably more resistant to frac- 
tures, since we detccted no breakages in our older ani- 
mals,” “# . 

ltching.—Gencralized pruritus is another feature 
which has been a constant component of the syndrome. 
Infants and animals fed cxecssive doses of vitamin A 
have regularly shown the presence of itching. Gencral- 
ized modcratcly severe itching was also a prominent 
symptom in our paticnt. The questions of the origin and 
mechanism of this pruritus arc still unsolved. 

Is the pruritus duc to primary cpidermal changes? 
Could the threshold be lowered locally by the faulty 
keratinization and dryness of the skin? This would be 
the simplest and, therefore, the first hypothesis for in- 
vestigation. However, hypervitaminosis A  produtes 
many other complex systemic and internal changes 
which can lead to itching. These include alterations in 
the delicate balance and interplay between the liver and 
the nervous, cardiovascular and endocrine systems; local 
and general alterations in physical and chemical balance, 
as exemplificd by the ratio of anions, cations and col- 
loidal particles; changes in pH and surface tension, dis- 
turbances In enzyme systems—all or any of these may 
directly of indirectly influence both peripheral and ccn- 
tral prurigenic irritability, All these factors must, there- 
fore, be considered in the further study of this complex 
problem, | 

Keratin Structures.—To dermatologists and to all 


‘ 

nuust attach to the changes found in the horny structures, 
the hair, finger nails and horny layers of the skit. In our 
case alsa, all these structures were disturbed by the in- 
oidinate consumption of vitamin A and in a manner 
remarkably reminiscent of hypovitaminosis A,"* Previ- 
ous reports have scferred to these features in hypervita- 
minosis A, but no correlation has becn made With nor- 
mal morphologic changes in the epidermis and its 
appendages or with known physiological functions of 
the skin. De ye eae 

Eye Symptoms.—For the sake of completeness, it 
must be mentioned that cxophthalmos, though in our 
case of questionable connection with the hypervitamino- 
sis, has been a feature scen by several investigators in 
laboratory animals recciving high doses of vitamin A."* 
(Also excess vitamin A has been said to have no effect 
on dark aduption.'*) . 

Results of Blood Studies * : 
Mayi6 May Junel Junelé Kept. 

Red Mood cella...cecsccsesee ee + —(6,500,00 
White blood celle...esscsees 18,000 7,400 
Vernoglobla, Gim.....ccscccee ee 
Polymeurphonuclear leulre 


Lymphocytes, %. 
Monoeste, %.... 
Total calelurt t....cccccceess 
Inorganle pho<phate ¢....-.6 


Alkaline pho-phatac, Bodam 
shy unite ner 1 C€...06%. 


Cholesterol ¢ 
Cholesterol esters f...cccccee 


se eecesvereseces 


Protelon, total, Gw./100 ee. 
Albuinin, Gm.........ccecee ee 
Globulin, Gim.......sscceesees 
Alvowmin-Globaltia ratio...... ‘ te O86 


Total carotenolds, unita per <2 “es ey 
WOO C8 .ces cereecccrecscocee oe ‘ b', 


Vitamin A, blue unita pr 
WOO 0.9.04. -crccccccccceces we 


Lipids, total? 4. : a Tz 


“ Patty achds 4... .ccccccseeseve Lod 


Lipid phosphorus ¢........ . ua 1302 


a0) ote 


* De, M. Wriver of the University Hospital of New York Cniversity- 
Bellevue Metient Center supervised the ehemlenl examination of blood 
epeciinens, and Ine, Jacol Cohen and Jacoly J. Ueilly of Urookiys 
furnished other information about the patient. 

¢ Milllyraine per 10 ee. 

3 Price.Carr inethod used. “* ss 

§ Bloor inethod used. 
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Laburatory Studirs.—As in previous investigations in 
infants and laboratory animals with hypervitaminosis A, 
few detectable changes in the blood picture were present 
in our patient (table). On the other hand, in contrast to 
some of the previous reports, Mrs. N. R. had no abnor- 
malities in alkaline phosphatase aad mincral metabolism 
in blood or urine studics done several Gays after the 
vitamin A ingestion was stopped. The total plasma pro- 
teins, red blood cells and hemoglobin, repeatedly re- 
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ported as below normal in some of the children with 
this syndrome, were normal in this instance. j 

several abnormitities were present ia our patient: the 
white blood cells were increased in number (13,000 per 
cubic millimeter) on the initial study and subsequently 
teceded to normal figures (7,400 and 6,500), which 
Were similar to counts done on the patient over a number 
of years. An increment in monocytes was noted on three 
Separate Gccasions, a decrease being noted on the last 
count. 3 

As found by all other investigators, the vitamin A level 
was much higher than normal. When the supplementary 
Vitamin A intake was stopped, within a four month 
period ‘a definite recession toward accepted normal 
figures occurred. During the period when no supple- 
mental vitamin A was being taken, the total carotenoids 
rosc to a figure slightly above normal. Concomitantly, the 
Originally clevated total lipids, lipid phosphorous and 
fatty acids fractions reverted toward standard figures. 
It may be worthy of particular note that the cholesterol 
levels remained within the normal range throughout. 

All other blood studies and urinalyses gave normal 
findings in every respect. The fact that no history or no 
evidence of renal disease was clicited indicates the proba- 
ble lack of relation between the mechanisms in our case 
and the interesting observation of Popper and his associ- 
ates '? who found that “hypervitaminosis A judged by 
plasma levels wis found in disease of the nephritic cype.” 
Apparently, even in the absence of liver damage, the 
destruction of the kidney parenchyma cither causes re- 
teniion of a protective substance or decreases the pro- 
duction of a substance destructive for vitsmin A. There- 
fore, feeding of excessive vitamin A produces a much 
higher vitamin A blood Ievel in persons with nephritis 
than in normals. Whatever the mechanism, it is certain 
that “endogenous hypervitaminemia -.” (i. e., without 
apparent cxcessive intake) does occur and must be kept 
in mind in the presence of isolated reports of blood 
abnormiality."* The history of excessive vitamin A intake, 
variations in the vitamin A tolerance curve, knowledge 
of the paticnt’s general physical condition and the height 
of the blood vitamin A levels usually permit the ready 
differentiation between endogenous and exogenous hy- 
Ppervitamincmia A. In our patient, the evidence pois 
unequivocally to the exogenous form. 

Other Features of Hypervitaminosis A.—Several as- 
pects of hypervitaminosis A previously described in in- 
fants and children were absent in the present case. These 
additional components were hepatomegitly, splenomeg- 
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aly, hypochromic anemia, depressed scrum proteins, 
elevated alkaline phosphatzse, elubbing of fingers and 
an abnormal appetite for butter and fish liver oils. It is 
very likely the variations in response ef human beings to 
an overdosage of the same vitamin are dependent on 
such factors as the amount, the length of time and how 
often the nedication is taken. The different physiological 
and biochemical demands and stresses in cach person 
and in cach age group, ane even in cach organ or struc- 
ture within an organ, doubtless play important roles in 
vitamin A metabolism and in the determination of the 


. Picttizes produced by excess or deficiency of intake. 


Many other factors must influence the blood levels 


‘and the susceptibility of a person to be overwhelmed by 
"vitamin A. One of these factors is the form or preparag 


tion in which the vitamin is taken or administered (in 
food or a supplement); some available preparations are 
oils, others acetates or alcohols, while still ott crs have 


‘emulsifying agents added.'* The status of the gustro- 


intestinal tract, including its enzymes, Nora and physical 
and chemical emulsifying capacity, as well as the status 
of the intestinal wall, and the transport system, includ- 
ing the ability of the chylous fluid and blood to carry the 
vitamin, are other factors. The status of the liver, thy- 
roid, kidney and other internal orguns and the interrela- 
tionship between them and vitamin A would also be 
important. Different periods of growth, bodily stress und 
development obviously vary the need for the vitamin. 
The storage areas, primarily the liver, and the ability or 
inability to store or release the vitamin should also be 
considered. The form of the vitamin, whether an alcohol 
or not, has a great deal to do with this.'** The destruc- 
tion, excretion and conversion of the vitamin, and the 
statcs, functions and needs of the organs of response, of 
the “target structures” at the time the vitamin Is ex- 
hibited (for example, the state and needs of the indi- 
vidual hair follicle at the moment; the momentary rate 
and form of activity of the scbaccous glands; the qui- 
escence or activity of bone growth) are other influencing 
factors. | ee 

Vitamin A Therapy.—It is not the purpose of this 
Paper to review all the indications for vitamin A therapy. 
However, large doses, 100,000 to $00,000 international 
units daily, taken for varying or even indefinite periods 
of time, are being advocated for the treatment of many 
conditions.** Of significance in this regard is that the 
advocated therapy sometimes has little clinical or experi- 
mental justification. ' 

In view of the present widespread use ‘of extremely 
large doses of vitamin A, it is remarkable that scarcely 
a reference has been made to clinical signs of “toxic” 
hypervitaminosis A occurring in patients receiving large 
doses for relatively long periods of time. Fortunately, in 
most patients the zone between adequate prophylactic 
and therapeutic doses and the toxic doses appears to be 
very wide. Nevertheless, the present case atin empha- 
sizes that the physician administering large doses of vitae 
min A must be on the lookout for signs and symptoms of 
toxicity and should have regular bloud examinations for 
vitamin A levels performed on all patients on high doses 
for periods of more than a few weeks, 6 
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With the advent of many ‘high potency preparations, 
come with added cmulsifying egents (wetting agents), 
he possibility of overdosage with vitamin A is grcater and 
nereases the necd for recognizing the syndrome of hy- 
gervitaminosis A, which until now may often have been 
overlooked. i 

Speculations on Vitamin A Toxicosis as Related to 
the Skin.—Nearly all references to hypervitaminosis A 
discuss the blood findings,? the apparent similarity to 
infantile cortical hyperostosis,?? and the interrelation of 
the vitamin metabolism with the liver and hormonal 
glandular system of the body. Onc of the most striking 
features of our case is the manifest, undeniable and far 
reaching resemblance, between the skin changes pre- 
sented by this hypervitaminotic state and those character- 
istic of hypovitaminosis A.'* Even without questioning 
the patient and on mere clinical inspection, expcricnecd 
dermatological observers would immediately and ccr- 
tainly considcr, first, hypovitaminosis or avitaminosis A, 
and, second, hypothyroidism, as the probable underlying 
cause of this weman’s difficulty. We believe that this as- 
pect of, the syndroine of hypervitaminosis A descrves 
further comment. * 


Excelient experimental and clinical evidenie reveals a 
definite relation between the thyroid and vitemin A. For 
example, the sinultancous administration of vitamin A 
and thyroxin prevents a rise in the basal metabolism.” 
Sadhu and Brody have demonstrated that in rats large 
doses of vitamin A cause a decrease in thyroid size and 
reduce the basal metabolic rate while allowing normal 
growth. It is postulated that the thyrotropic hormone is 
counteracted in some manner by part of the vitamin A, 
as is the action of the injected thyroxin on cnd organs 
and enzyme systcms.** 


Most persons with hypothyroidism have low vitamin 


A levels and high carotenoids. It is presumed that thyroid © 


activity is nccded for the conversion of carotene to vita- 
min A; thus, it has been shown that when thyriod therapy 
is given to raise the basal metabolic rate and lower the 
cholesterol level, the altered carotene and vitamin A 
values tend to return to normal.** Low scrum levels of 
vitarnin A in eretins showed little change when carotene 
was administered orally. Morcover, administration of 
desiccated thyroid stimulates and thiouracil prevents the 
absorption of beta carotene from the intestinal tract of 
rats.?" Patients with exophthalmic goiter receiving a dict 
high in cod liver oil and low in fat gained weight; the 
basil metabolic rate was also reduced.** Most pertinent 
js the observation of Josephs, who stated, regarding, hy- 
pervitaminosis A, “It may look like hypothyrvidism due 
to an excess of thyroid antagonist not diminished thy- 


roid ghand activity. Relative failure of the thyroid may - 
explain the persistence of high lipid levels and hypo- 


thyroid symptoms.” * 
ls Much about our patient fitted into the picture of hypo- 
—thyroidism as evidenced in the skin and other systems. 
However, It is not by any means clear by just what 
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roid function plays the role of a common factor is also 
as yet unclucidated. 


The possibility of therapy with thyroxin was con- 
sidercd in our patient but discarded because of conflict- 
ing reports as to its ellicacy.*” One group has even stated 
that the symptoms of hypervitaminosis A in laboratory 
animals were enhanced by administration of thyroid.*"* 
Since apparent spontancous recovery occurs from the’ 
toxic manifestations of hypervitaminosis A, no active 
therapy was instituted in our case. As was to be expected, 
the result of the cessation of the excessive vitamin A 
intake was 2 satisfactorily prompt and complete disap- 
pearance of the signs and symptoms. 


SUMMARY ° 

The observations and course of a case of hyper- 
vitaminosis A, apparently the first to be reported in an 
adult, are-presented. Several possible features of the syn- 
drome not observable in infants or children are described 
in the adult (c. g., menstrual changes, absence of radio- 
logic changes of the, boncs,-chloasma or Richl’s mecla- 
nosis-like pigmentation). The effects and mechanisms of 
excessive vilamin A on various organs and systems and, 
in particular, on the structures of the skin are discussed. 
The resemblances between the changes of hypervita- 
minosis A, hypovitaminosis or avitaminosis A and hypo- 
thyroidism are described, and some thoughts on the 
possible interrelations are submitted. 
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Mippocratie Outh.—The modernisation of the Hippocratic 
Oath by the World Medical Association, known as the Declarae 
tion of Geneva (1948), is known to very few and is worthy of 
note. It runs-— : 

Now being admitted to the profession of Medicine, I solemnly 
pledge to consecrste my life to the service of humanity. 1 will 
give respect and gratitude to my descrving teachcrs. § will prac- 
tive medicine with conscicace and dignity, The health and life 
of iny patients will be my first consideration, 1 will hold in con- 
fidence all that my patient confiles in me. 2 will maintain the 
hunour and noble traditions of the medical profession. My col- 
leagues will be as my brothers. J will not permit consideration of 
dace, religion, nationality, patty politics or social standing to 
Intervene between av duty and my paticnt. | will maintain the 
‘Bimest respect Of human life, fiom its conception. Even under 
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Otro caso de hidrocefalia aguda benigna del lactante 
“después de una dosis masiva de vitamina a. 


—2 


Por el Dr. Jose M.* Cluct Garcia 


Barceloas 


En la sesién del 20 de febrero del corriente aiio de 1951 de la Sociedad 
de Pedistria de Paris, y publicada en el ntimero § de sirchives Frencaises 


de Pédiatrie, Juttax Marie y Jorce Sf presentaron en una comunicaciéa ° 
tres casos de lactantes de tres a sicte meses, quienes sufricron, de las doce’ 


a tas catorce horas después de una ingestion masiva de vitamiaas A yDy 
hatlcrdose en plera salud, una dist ensién considerable de Ia fontancla ce 


cemienzo brusco y vémitos repetidos, con ausencia de fiebre y. de signos 
meningeos, 


Despucs de varias discrimi inaciones, climinaron a Ja vitamina D como 
catsante de este cuadro, achacindolo a la vitamina A y diicrenciandolo de 
Wa intoxieaciin crénica producida por cila por sus distintos sintomas (ano- 
rexia, irritaLitidad, algias en pies y manos e€ irregularidades en los huesos 

“Tarzos), asi conto tainbicn por la distinta forma de absorcién. Desis tegu- 
lares y reperidas, en un si drome; dosis tnica y masiva, en el otro, 

En tos tres exsos practicaron la puncién lumbar, que Proporcioné un 
liqsido normal, 

“AL leer estes casos y sn comentario, recordamos inmediatamente otro 
wivico por nosotros hace muchos a: ios, y, si bicn le dimos Ja importancia 
debida, ya que desde entonees somos muy cautos en los choques de vita- 
mina Ven los Inctantes, no lo publicamos, por tratarse de un caso aislado 
y Quecar sorprendidas con el niismo, no sabienda qué explicaciéa darle, 
como confesan haberles snecdido tambien los autores franceses en el pri- 
mero que observaron, 

Fn resumen, se trataba de una nifia de tres meses, a la que habiamos 
recetalo dasis masivas de vitaminas Ay D, pero por separado, en dos Mise 
tintos crvases, injiriendo sclinente su frasco de la primera el 26 de marzo 
de 2956, por la maiiana, en ayunas. Por la tarde presents marco, .nduseas 
y Vowitos; apirctica. Llamados urgenicmente, acudi:nos a Ultima hora de 
la tarde, y encontremos a Ja aifa con asiccio normal, pero su fontanela 
tensa y algo abo:nbaca, sin signos de Kernig ni de Brudzinski, sin contrace 
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Rinocillin «Leti- Uynifire 
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Perlaminas A mesivas «Letis - 
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ias en pics : manos ¢ irregularidades en Jos hucsos 


ta forma de ahsorcién. Dosis reg 
arcs y repetidas, en un | iioce: Cosis dnica y masiva, en el otro, 


En los tres casos practicaron Ja puncion lumbar, que preporcioné un 


Vecuna Antirreumctica «Leta 
Enfermedades Equimorfin stitnie 


Sticas Equipén «l'gnifar 
eee vad «Lets (A D, A mosivas, D masi- 


Al leer estos 


casos y su comentario, recordamos inmediatamente otro 
ivido por nosctros hace muchos afos, y, 
¢a, ya que desde entonces so 
a Aen los Jac 


st bien le dimos la impertancia 
Os muy cautos en los choques de vita- 
tes, nO to py aiaicamios, for tratarse de un caso aislado 
y quedar serprendides con el ri ismo, no sabienda qué explicacién darle, 


+o también los autores franceses en e! pri- 


vos y D supermasives) 


como 5; an halerles sucedi 

mero que chservaron, 
En res © trata 

recctndo dosis : 


Anatoxina Diftérica «Letia 


luchoso «Zeti» (preventive y 
s Vacuna Anticoque 

Enfermedade a 

de infancia Perlamines «Letis 


Metabasal Liquide «Let 


MADRID BUARCELONA 
. lén, 285 
Avda. José Antonio, 68, 5.° A : Rosellén, 


aba de una nifia de tres meses, a la que habiamos 
sivas de vitaininas A y D, pero por separado, en dos dis- 
Jiriendo solamente su frasco de la primera el 26 de marzo 
de 1956, por la imaiiana, en ayunas. Por la tarde presenté marco, aduseas 
y vOniios; apirética, Llamedos \rgentemente, acudimos a thima hora de 
lz tazde, y encontramos a la nifia con Sspecto normal, pero su fontancla 
tensa y algo abombada, sin signos de Kernig ni de Brudzinski, sin contrac 
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OTRO CASO DE HIDROCEFALIA AGUDA BENIGNA DEL LACTANTE 1449 


tira de nuca y éon pupilas normales. Al dia siguiente continuaba apirética, 
habiendo cedido los vomitos; en cambio, la fontancla habia aumentado su 
tension de una manera exagerada, “con tendencia a la seperacion de ws. 
parietales”. Y continuaba Ja ausencia de los signos meningcos. 

No se hizo la puncion por reparo de los padres, ante la apirexia y buen 
estado general. Al dia siguiente, cuando nos presentames dispuestos a ha- 
cerla, nos encontrames con que la fontanela estaba deprimida y la niiia 
completanicnie nornal. : 

Este caso nuestro parece copiadd de los de Marit y Stix cn todos los 
detalles: ingestion de 1a dosis masiva Ue vitamina A Gy con ello se alejan 
todas las dudas sobre la vitamina causante del cuadro), y 2 Jas pocas horas, 

: ; preseniacion de vontitos y tension de la fontancla, gue va en aumento hasta : 
La vitamina B adquirir Caractcres exagerados, para, a hs cuarenta.y ocho horas del acci- 
a dente, desaparecer réipidamente, convirtiéndose en una depresion marcada, 
, e ‘ de un modo espontanco y sin precisar la puncién lumbar. Entre los sintoe 
: usa da en terapeutica v profilaxis mas negativos figurahan Ja falta de fiebre y de Jos signos de irritacién me- 
So ningea. : 
Terminan los autores franceses su comunicacién no sabiendo cémo ex- 
plicarse la causa de esta hidroceialia aguda, suponiendela cebida a una hi- 
- werseerecion de Yiquido ctislorraquideo, a cefecto ce reabsorcion del inis- 
Tabletas de 5m S: Ampollas de 5m g. tos oa muoliscaciba de su oeasea de origen vasometriz 0 nervioso. 
un ue a Recalquemos, como ellos, que este accidente, indudablemente provocado - 
Fuerte Ampollas de 25 mg. por la ingestion de vitamina A a dosis masivas, es de curso benigno; por 
a = tanto, no contradice su wso terapéutica en casos necesarios, pero a dosis 
“Fortisimo” Ampollas de 100 mg. -- ——— ; 
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RESUMEN 


Se presenta un caso de hidrecefalig aguda henigna, después de un cho- 
que vitaminico A, sin facil explicacién de su mecanismo patogénico. sin sige - 
nos meningeos y con buen pronéstico. : 
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Milk is a good source of riboflavin, nicotinic acid, and vitamin E. Neither mother’s nor 
cow’s milk: is a Good source of vitamin K Vitamin F, consisting probably of some nonsaturated 
fatty acids, is Present in the — Grease, Jerusatem. 
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Ostroscrerotic Synproue Axp Overposace or Vitamins A axp D. G. Frontary, 


Schweiz. med. Wehnschr, 822430 (April 12) 1952. ~ 
A 4-year-old 


e of renal 

a dosage of 150,000 1. U. 
mitted. Widespread Osteo- 

the cranium, d. There were fetcntion of 

ood, elevation of the blood Pressure, hypoisosthenuria, anemia with reduction of 

erythropoietic activity, and Possibly some hepatic lesions. These lesions did not regress as 


Fapidly as the osseous hypercalcification, which on cessation of vitamin A medication disappeared 
: ay entirely. Auperc, Rochester, Minn, 


Tar Azsorpriox OF Vitamix A sy Rectuss, Luicr Baritra and PIERFRANCESCO Peruzzr, 
: Riv. clin. pediat. $0:196 (March) 1952, 


The authors report the vitamin A blood levels obtained in 10 chi'dren from 11 months to. 


10 years of age after vitamin A has been introduced by rectum. The authors consider this 
method very useful, having found 3 quick absorption a therapeutically sufficient drug levels, 


Fro tue Autuors’ Susacary, 


1¢N Hyprocepnatus tx AN INPANT AFTER A Massive Dose 
LuEt Garcia, Acta Pediat. espafi. 9:1443 (Dee.) 195]. 


fa 3%-morith-old child who had the hi 


The child had Ss A plus 
The fontanel 


The child recovered -without 


ALten, San F, Tancisco, 


Hygiene; Growth and Nutritioa; Public Health 
Eprpessiorocy or Cutcoren 
QUan.) 1952. 
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Gefects, such as tonsillitis, car, 
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Tur Tncportayce or Socrat Factors IN Tue Eriorocy og Dystroruy m tue Inrant. 
Marr, 1. Satpux pz Ropricvez and Jose Mf. Portirro, Arch. Pediat. Uruguay 23:89 
(Feb.) 1952. : : 

Etiological factors of infantile dystrophy are connecte, 
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CHRONIC VITAMIN A POISONING 


REPORT OF A CASE 


George Bair, M.D., New York 


’ Hypervitaminosis A is a syndrome first described by 
Josephs in 1944.' Subsequently, there have been 13 addi- 
tional cases reported.? Observers have noted the follow- 
ing charagteristic manifestations of the entity: external 
cortical thickenings of the affected bones, pain and swell- 
ing over the long bones, irritability and fretfulness, and 
increased vitamin A concentration in the blood. 


REPORT OF CASE 


_ _ 8. Z, a 28-month-old white child, was first seen by me on 
April 15, 1950, after he had been ill at home for two and one- 
half weeks. His nuin complaints were painful swellings of the 
left foot, ‘right forearm, and temporal regions. He also com- 
plained of severe itching of the back and arms. At the onsct, 
although limping, the child was able to get around, but within 
a few days the pain became so severe that he refused even to 
attempt to walk. Penicillin and aureomycin were administered 
during the first two days of the illness, but were discontinued 
because he became progressively worse. 


Past Mistery.—The child had been a full-term, normal-de- 
livery infant weighing 6 Ib. 7 oz. (2.9 kg.) at birth. Five days 


“3 


Fig. 1.—Left foot, showing swelling in region of Alth metatarsal. 


. 


pos? partum his mother died of virus pneumonia, so that he 
was brought up by grandparents. His feeding history was un- 
usual in several respects. Since he rejected solids for the most 
part, his food was tiken strained or mashed. He craved butter 
and ate large quantitics of it. In addition, he showed a prefer- 
ence for milk, cheese, eggs, liver, carrots, tomatoes, and sweet 
potatoes. His appetite had been good until the onset of symp- 
toms, after which he rejected all food. The vitamin intake was 
supposed to be 20 drops of percomorph liver oil daily. How- 
ever, when the diagnosis became evident, requestioning dis- 
closed that because of an error a considerably larger amount 
of oi! hud been given. 

Seven wecks before the onset of symptoms, the child com- 
plained of itching in the back of his neck. During the following 
Weeks the pruritus became more intense and spread down the 
back and arms. This was so troublesome that u doctor who was 
consulted thought it was an allergic condition, 


Physical Exininution.—Examination revealed a well-de- 
veloped, well-nourished boy who appeared sick and in Pain. 
The child scenied to have a stiff neck when sitting up. He was 
fretful and irritable. His face was puffy; the lips, in contrast; 
‘were dry and fissured. Thin serous fluid ran from the nose. Bi- 
lateral temporal swellings, larger on the left, were visible and 
palpable. A fusiform swelling covered the fifth left metatarsal. 
The dorsa of both feet were edematous, and the tight forearm 
Bas swollen. 

All swellings were hard and tender. Only ace area, the outer 
aspect of the filth tcft metatarsal, was hot and bluish in color, 
The entire body, even those parts which were not swollen, was 
tender to the touch. 


seen ee 


The tonsils were enlarged. : 

There was no palpable enlargement of spleen of liver. No 
abnormal masses were felt in the abdomen. 

At no time during the illness did the temperature rise over 
100 F, : 

Hemoglobin value was 79%; the red blood cell count was 
4,900,000; the white blood cell count was 10,200; platelets 
240,000; neutrophils: nonsegmented 6%, segmented 395; 
Cosiiophils 2%, lymphocytes 45%, monocytes 7%, plasma 
cells 1%; hematocrit reading was 35.3; icterus index, two units; 
sedimentation rate (Westergren), $6 mm. in one hour (normal 
is up to 15 mm. in one hour). The findings in the urine were 
normal, 

Blood vitamin A level on April 18, 1950, was 1040 L U. 
(normal 30-150 I. U.). : 
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Fig. 2.—Right ulna, showing cortical thckening la the middie third of 
the shaft. 


X-ray examination completed on April 15, 1950, revealed 
the following abnormalities: 

Left Radius: Normal except for slight swelling of the soft 
tissues adjacent to the distal lateral aspect of the shaft. 

Right Ulna: Smooth, homogenous, moderately dense exter- 
nal cortical thickening in the middle third of the shaft. The 
margins of this hypcrostosis were smooth and merged imper- 
ceptibly with the marginal cortex. There was no evidence of 
Gestruction. Distinct soft tissue swelling was seen contiguous 
to the cortical thickening. 

a eerie: 

Dr. Joha Caficy assivted im the preparation of this Paper. 


Department of Pediattws, New York Mechcal College, Flower and 
Pitth Avenue Hospitals. i 

1. Josephs, H. W.: Hypervitaminosis A and Carotinemis, Am. 3. Dis, 
Child. G72 33 (San.) 1944, 

2. Toomey, 3. A., and Morasetie, R. A.: Hyperyitaminosis A, Am. 3. 
Dis. Chuld. 731473 (Apert) 1947, Kothman, P. #., and Leon, E. E.: 
Hypervitaminow A, Radiology 315.36, 1948, Dvchey, L. B., and Bradley, 
E. J.: Mypervitaminns A: Case Report, Stanford M. Bull. 6s 345, 1948. 
Fried, C. T., and Grand, M. 3. H1.: Uypervitamimosis A, Am. J. Dis. Cried, 
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Vitamin A, Pedsatrcs &1 672, 1950. 
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Right Femur: Faint ‘cortical thickening along the’ medial happy and seemed to be Greatly improved. One month later, 
aspect of the middle third, the metatarsal swelling was Practically gone. The swellings of 
Right Fibula: Slight hyperostosis in the midshaft laterally, the forchcad were still present, but were no longer painful of 
Left Tibia: Cortical hyperostosis along the lateral and anterior tender. In roentgen films made at the same time, all the hyper. 
aspects of the proximal end of the shaft. Adjacent soft tissue Ostoses except those in the skull had disappeared. Blood Vita 
was swollen. ah min A level was 750 1. U. | 
ty COMMENT 
RIGHT =: Through a misunderstanding on the part of the grand. 
mother, a teaspoonful of percomorph liver oil was given 
instead of 20 drops. Thus the child reccived in excess of 
4 gm., or 240,000 units, of vitamin A daily during a 
period of at Icast three months. Prolonged continuous 
administration scems to be necessary before symptoms 
appear in children. Because of this, the administration 
for long: periods of large doses of vitamin A in the treag- 
ment of skin discascs would seem to be a potentially 
dangerous procedure. 


Although 14 cases have been reported, only two 
' ,Others showed swelling in the head. Neither of these cases 


eve 


Fig. 3.—Metatarsal fegions, both ‘feet, showing lesions aad soft tissue 
Swelling over teft fii metatarsal, . 


Left Fifth Metatarsal: Moderately extensive cortical hyperos- 
tosis along the entire shaft. Considerable soft tissue swelling 
was present in this region, 

New bone formation was 
Metatarsals and fourth tig 

Skull: Distinct 
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Fig. 3.—Skull, showing bilateral temporal hyperostoses, 


showed as marked periosteal involvement as the one de- 
scribed above. The location of new bone formation on 
- the undersurface of the Occipital bone has never been 
reported previously. After one month, x-ray of the skull 
still revealed marked hypertostosis, Apparently new bone 
formation in this area Persists longer than in other af- 
fected bones. Bony proliferation and high vitamin A 
levels were present for some time after the patient was 
otherwise normal. 
SUMMARY ey 
A case of hypervitaminosis A with the typical findings 
; and an unusual cranial bone involvement is presented. 
men magnum. Smailer, more discrete areas of denver hyper. Because of the dangers of Overdosage, caution is ad- 
. Ostosis were present in each temporal tegion, and were more vised in the administration, of vitamin A as a standard 
marked on the Icft side. procedure in the feeding of healthy infants. 
Subsequent Course—AN Prognosis in recognized cases is excellent after 
stoppage of excess vitamin A. 
123 EB. 83rd St. : 
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HYPERVITAMINOSIS A 


Sanrorp EK, Gotozinr, HH, M.LD., Joun C. Pisacano, M.D., AnD 
Arnot M, Waiy, M.D, 


New York, N.Y, 


INCE 1944 when Josephs" first re- 

ported the syndrome of hypervita- 
minosis A in man, reports have ap- 
peared with increasing frequeney un. 
til at present twenty-three such eases 
are reeorded."""" Briefly, the Cant po- 
nents of the syndrome’ in children are: 
cortical thickening of the involved 
long bones with pain and swelling over 
them, hyperirritability, pruritus, rash, 
cheilusis, changes in the hair ranging 
from coarseness to alopecia, and, on 
occasion, bleeding tendency. The diny- 
nosis is established by finding an ele- 
vated serum vitamin A level. 


CASE REPORT 


W. M., a 24-month-old female, born 
on March 4, 1950, was-seen_on Feb. 


-27,-1952, because of skin rash, hy pers 


irritability, and forearm tenderness, 
The patient had been well until the 
age of 14 months, when she became 
bowlegged, Films of her legs andl 
arms, at 1G months, showed only slight 
bowing of the tibias (ig. 1). At 18 
months, she lost her appetite and 
failed to gain weight. Approximately 
three weeks later, a generalized itchy” 
rash appeared which war more 
marked on the extensor surfaces of 
the extremities, Hyperirritability was 
noted at 21 months. At 22 months, 
an orthopedic surgeon suspected early 
tibia vara,"* * prescribed corrective 
shoes, and told the parents to “Give 


- the youngster an adequate vitamin in- 


take.” At this time, the child's legs 
and feet were exquisitely tender. One 
month later, this tenderness had sub. 
sided, but her forearms had heeome 
painful. Fever, hair changes, cheilo- 
six, or hemorrhagic manifestations 
hever were apparent, 

From the Departments of Pedlatricn anid 
Radlulogy, Gouverneur Hospital, and Univer. 


alty Hospital, New York University-Bellevue 
Medical Center, 


The patient was a first-born child, 
delivered normally at. term, Forly 
‘growth and development were nor. 
mal prior to the fourteenth month. 

Feesding Mistory.—The infunt wax 
breast fed until the age of 6 months 
when she was changed {o formula, 
Orange juice was started at age 2 
weeks, one ounce daily. This was grad. 
nally inereased until at 1% months she 
received eight ounces daily. Oleum 
Percomorpheum® was started at 3 
weeks, four drops a day. This was con. 
tinued until ave 3 months when the 
dose was inereased to six drops a day, 
At 7 months, the child was given ten 
drops daily, This was continued un. 
til age 18 months, when the dose was 
increased to four droppersful (120 
drops) daily. At 22 months, the dose 
was incrensed to eight droppersful, 
which was continued until the twenty. 
fourth month. The mother stated that 
khe increased the dose on her own initi- 
ative in the hope of kuproving her 
child's appetite. 

Physical examination revealed a very 
irritable, Uncooperative and slightly 
undernourished 24-month-old feinale 


child who complained hitterly when - 


her forearms were touched. The skin 
over the anterior surfaces of the arms, 
legs, buttucks, and lowe abdomen was 
dry, conrse, and seuly, and had nu- 
merous seratch marks. The forearms 
presented long, spindle-shaped swell- 
ings on the lateral surfaces of the 
ulnas. The swellings were of bony 
consistency, and were attached to the 
bone; the overlving skin was freely 
movable. The tibias were howed, but 
were not tender or swollen. The ehild 
was afebrile; the head was symmetri- 
eal, with no frontal bosses or mandibu- 


‘Jar swelling.. Vhe hair was normal in 


*One drop of Oleum Pcrcomorpheum con- 


taine 1,250 unite of vitamin A and 180 units © 


of vitamin Db. 
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GOLDZIFR ET Al..: 


texture. Sixteen normal teeth were 
present. The upper respiratory traet, 
heart, and lungs were normal. The 
iver way palpable one fingerbreedth 
helow the costal margin, The aldomen 
Was normal, 
*. 9 "Laboratory Findings.—On Fob, 27; 
ms : M2, the serum Vitomin A love! 
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200" total earotingids Win NU units 
per cent—normal 40 tu 100. On Mareh 
© us 6, one week after Vitamin A was dis. 
ry | . continued, serum vitamin A level was 
ns °20 blue units per cent; ‘total carot- 
Ba inoids was 73.5 units percent. Serum 
t caicium was 8.6 my. per cent, scrum 
s ‘e h phosphorus 4.6 mg. per cent, and 
n - serum alkaline Phosphatase 6.8 Bo. 
3 Gansky units. The hemoglobin was 
y Cad 
-~ BS 
2 
« 
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— ia 
: . Fig, 1.— Mizenoxrams at 18 jontha of 
re of vitaniin ay The radii and ulnas Apocar 


demonstrate the ‘struct 


Ural changes usually 
concave side, 


11.0 grams, red blood count 4.1 million, 
white blood count 8,800; the differen. 
tinl count was 59 polymorphonuclear 
cells, 3 monocytes, and 38 Iymphocytes, 
rine contained 7 to 10 white blood 
eells per high-powered field, and one. 
plus albumin, Subsequent catheterized 
urine specimen had no albumin or 
. cells, On March 18, cephalin floceula- 
tion test was negative, thymol turbidity 
was 1 unit, and scruin bilirubin was 


age, before the inxeation 
fhormal, 
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0.015 mg. per cent. 
tein was &4 grams Per eent, serum 
albuniin 5.4 gravis per cent, and glob. 
Win 3.0 grams ber cent, 
Iocntgenographic 
February, 1962, rocntgenagraphie ex. 
amination of the entire xkel fon dis. 
elosed hilntern! NMinmetrvienl saorrien! 
ViMeReaines ol the Wax the anterior 
stirfuces of the tibiax, and the second 
to fifth metatarsals (Fig, 2 l-C), The 
cortical thickenings were raost promi. 
nent in the ulnas where the distal two. 
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thirds of the shafts were affected. 
The changes in the ulnas corresponded 


exeetly to the tender swellings in the 
forearms, 


cles, vertebrac, fibulas, 


mainder of the long bones were not 
involved, 


The skull, mandible, clayi- 
and the re. 


Clinical Course.—Immediately after 


the diagnosis wag confirmed roentreno- 
graphically, all intake of Oleum: Perco- 
morpheum was discontinucd. Forty- 


Findings.—!n . 


See ee eee 


+ eee ee ey a 


-*e esey = 


“<P Ow 


Ay mE betes mete. 


‘e 


ae pm 
ert etree we Wes Ow g- 02 Tigt ~ 


= 
ae 


ot me 
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+ eight hours later, hyperirritability and 


hone tenderness were greatly dimin- 
ished; after seventy-two hours, the 
pruritus was considerably relieved. 
Within seven days after discontinu- 
ing vitamin A, tenderness, hyperirrta- 
bility, and pruritus were barely per- 
ceptible, and the rush had begun to 
clear, After fourteen days, the child 
was asymptomatic, and the rash was 
almost completely cleared. This child 
Was treated onan outpatient basis dur- 
ing the entire clinical course. 


COMMENT 


The striking clinical features of this 
pationt—hyperirritahbility, rash, and 
awelling of the ulnar aspects of the 
forcarms—sueeested the diagnosis of 
hypervitaminosis A immediately. Spe- 
cifle inquiry regarding the use of vita- 
min preparations clicited the history 
of excexsive ingestion of Oleum Perco- 
morpheum. 

We were able to obtain quick rocnt- 
Gehographie confirmation of the diag- 
nosis, and felt that hospitalization was 
Unnecessary while awaiting the result 
of the blood vitamin A level determina- 
tion. Treatment at home consisted 
of withdrawal of vitamin A and 
upplication of calamine lotion. The 


of exe, after the Ingestion of toxic quantitica of 
thickening of both ulna is Dreacnt. B, The tiblasg 


o Milateral aymmetricnt cortical thickening of the ahafta of the 
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atick return to normal of the kerum 
Vitamin A level is wnusual, We were 
fortunate in having films taken before 
the ingestion Of excessive Vitamin A 
(Fig. 1), hey serve ty demonstrate 
kraphically the marked Selective bony 
changes which this disease jg capable 
of Producing, 

With increasing awareness of the 
clinical entity of hypervitamir 
cases are being recognizer 
nosed with greater frequeney, 
reporting thiy case 
Blatementy a 


should state the pr 
hothers of the d 


A 
be a patho. 


Usually associated with 
kis I) 
CONCLUSIONS 


1. An additional case 
Poisoning due ty tl 
ration of Vitamin 

2. Further 
of proier } 
available ay 


ev 
€ported cases, 
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VITAMIN. A INTOXICATION - 
Report of a Case in an Adult 


Eucene Birutco, M.D,* 


ns 
; nee 
MEMPSTEAD, NEW York . 


NTOXICATION from oy 

is Suggested by the foll 
symptoms: 

Pruritus, painful 

coarse” hair.! 


may unwittingly o 
misconception that “4 
, The older child ma 


limself by overindulging.! 


that of 
amount, should be widely 


Vitamin A intoxication, 
to infants and children, 
recently described this syn 
Was inspired to self medi 
of vitamin A by a radio “ 
In its major clinical mani 
appears to be the same w 
dren or in adults. Durin 
vitamin A therapy for g 
the patient described below manifested 
teristic signs of hypervitaminosis, 
emphasizes and confirms the opinion 
thors? that “physicians 


quamation, 
the charac. 
This case again 
of previous au- 
administering large doscs 


t for signs and 
symptoms of toxicity,” 


Case Revorr 


Mrs. A.S., 0 52-year-old Woman, was first seen on Febru. 
ary 29, 1952, in Consultation at the tequ 


est of her physician 

CAcucciate attending physician in wiedicine, Meadowbeuuk Mospieaty 

New Yorn tendion Physician ia Medicine, Nassay Hoopiral, Miacule, 
lew 


megaly 
fingers, 
fish oils 
similar 


. the experienced ao fur 
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Co ascertain the Cause of epontancuus Bleeding frum 1 


Mucous membrance. 
Since childhood 
ut 4 
skin of ¢ 


A iMternational units 
Antihistamine daily for the 
Vitamin A daily thereafter, 
was taken from the carly 
19$2.) Wiehin } month the 

. . but the 


Tne 
f 


I June, 195 + the. bey 
ts of the fingers, elbows, shoulders, hips, his 
At no time, however, did 5 € exXPericnce . 
throbbing, heat or swelling of any joint. Her hourcwer, 
Now became tag ditlicule to accomplish. At about this tur. 
her husband tade the observation that a small patch ¢- 
skin on the forehead appeared “dirty tik." and that + 
wife's cyes were somewhat more prominent than usual, 
Concomitantly with the ons 
Progressive loss of Weight and 
completely disint 
“to brood all the time.” Becay 
fe to her joi 
a 


* 


F suture of the gui «. 


K empirically ini. - 


ber of injections, after whi’. 
Thereafter she received a weekly is. 
d liver from her attending physician 
itinued until ¢ 
f she 


With th: 
locometiva 
le because she could not stand for muse 
ts at a time, 


6 ohe war adi 


» Althe wh 
faction of the tecth. 
after suturing of th: 

gums. 


By November she had lost over 30 pounds in weight an. 

ef appetite was “almost completely gone.” At this time hur 
attending physician Prescribed 2 vitamin Capsules a dus 

oward the middle of December she bey 
ing headache." By the middle of Janus 
Oozing of blood from the 
eycs beyan. About 3 wecks 
At abuut this time she nut 
the nose but al 
eye and Jefe ext 

From | 
Menstrual 

farch, 1Y 

Physic. 


<=» SPUNLaNenus 
etauen of t- 
* quite inflame! 
Of blunt not only fr.. 
tuetbiane ot the sight 


Pd ithe wstiens ty be rate an. 
6taly hair was Coste, dev and beit:!: 
and appeared unkempt, aid thete was alse a Kfeat smvert 
Of hair. ‘Whe hair of the eyebrows ae eyelashes was co” 

letely lacking, Above the nlabella there was 39 grcag' > 
ew centimeters of lishe brownish pic ineatuton, | 
Fevealed obvious ‘Wumitence and PU ate Dhe gael, 
tivas demonstrate an ul croblephasite. witht vt Stopes « 
tion uf bluod from the det. Eyegs. and Cvewination s.- 


0 have stitfness , 
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the cetinal veins, more so on 
ving of blood was 


Reralized fine 

ed a moderately severe sebor. 

rictely lacking, Neither the 

Palpable. *ubic hair was also lack- 

ire. Vavinal examination Was Aevative except that imme. 
Jately after exariination a kencralized oozing of blood was 
tuted from the varinal mucosa. There was coe ON passive 
er active Mexion or extension of any joint. $ larked tender. 
aess was elicited over the long bones of all extremitics on 
sercussion. None of the joints revealed any swelling of 
Scformity, 
hi a pect hospital admission on October 26, 1951, the 
bemoslobin was IE cm. per 100) ce., and the white-cell count 
W00, with a normal differential count. At this time a bleed. 
ine tine of 2 minutes and a coagulation time of 433 minutes 
were found before injection of Vitamin K, Examination of 
the bload on February 29, 1982, showed a red-cell count of 
3,300,000, with a hemoglobin of 10.5 em. per 100 cc., and a 
skite-cell enunt of 6900, with 3 per cent rod and 47 per cent 
seemented neutrophils, 6 Per cent cosinophils, | per cent 
basophils, 41 per cent lymphocytes and # per cent mono- 
evics, i 
; » all vitamin therapy was dis- 

week the paticnt volunteered 

tion of 8 


h 


had disappeared, 
toved, She also 


was not con- 
firmed, and a sternal- 48 reported as normal 
etcept for the presence o cosinophilia, She was dig 
charged from the hospital without incident. 
Four months later the Patient was free of all joint pains 
and could m + There was « full 
» evelashes and pubie area 
wth of seal air of the 
months after 
weight. She 
hairs in eac axilla; 
© noted. During this 
tead noticed on the first 
cared, 
al cxophthalmos. has com- 
Peeceptible pulsation of the 
unduscopic examination only 
eal marked abnormal p 
Lazar? noted exophthalmos in 
d its connection with the hyper. 


This patient's carly symptoms were insomnia and 
‘istlessness. It was well over a year befere she 
hegan to note loss of scalp hair. However, beginning 
with the history: of loss of hair, the symptoms, par- 
‘ Ucularly those referable to the joints, were similar 
to those of the patient described by Sulzberger and 


ide Lazar! — except that sweats and &eneralized pruritus 


correc. 

¢ rela- 

A in- 

The patient never 

che until a month 

crapy was stopped; the head- 


This patient manifested the typical symptomato!- 
Ogy; the fact that she was completely relieved of her 
joint pains and aching bones, with regrowth of 
lost hair within six months of discontinuation of 
ingestion of vitamin A, is interpreted as evidence of 
toxicity of vitamin A ingested in large doses over a 
Prolonged period, 

The pathologic Processes noted in vitamin A 
intoxication are the observations recorded from 
work done on rats, These obs 
summarized jn Josephs”! 


bone and thi ccount for the 


‘Although this occurs in 
t under experimental con- 
ur in the full-grown znimal. 
of calcium also occurs, bur 
and phosphorus 


noted in animals. 
f the long bones in the grow- 
ffering from Prolonged over- 
re due to pronounced peri- 
osteal thickening.’ ‘Ihe X-ray appearance of the 
involved bone-may ‘simulate cortical hyperostosis, 
This docs not occur in the adult. Increased total 
lipid is recorded in human beings, Ilypoprothrom- 
binemia and low scrum proteins may be explained 
by liver dysfunction occasioned by increased deposi- 
tion of fat in the liver. The rise in scrum phos- 
Phatase that may occur whether implemented by 
diseased live- or bone- is not clearly delineated. The 
hepatomegal ; and splenomegal 
by excess deposition of fat in 
sugpests the Possibility that 
Placed bone marrow 
type of anemia 
speculates tf 
rates in the 
activity but s of thyroid 
antagonist. That a ation exists between 
the thyroid gland and vitamin A is suggested in the 
y of the experiment recorded by Sulzberger 
and Lazar? "It has been demonstrated that the 
simultancous administration of vi 
thyroxin prevents a rise in bas 
that administration af a dict } 
to patients with exophthaim 
basal inctabolic rate, 
ism have low vita 
vitamin A causes a 
duces the basal met 
tion of patients 
authors allud 


rats 

ize and re. 

a clinical descrip- 
ntoxication these 
‘nilarity between the 
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appearance of the skin in hypervitaminosis and that 


in hypothyroidism, avitaminosis and hypovitamino- 


sis, 
131 Fuleos Avenue 
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THE PRACTICAL USE OF A COOLING 
DEVICE TO INHIBIT THE CUTANEOUS 


PAIN OF HYPODERMIC INSECTIONS* 


+ Harry L. Muecrer, M.D.f 
BOSTON 


HE pain, discomfort, unpleasantness and anxi- 

ety attendant upon hypodermic injections 
‘given to children is well known to most physicians, 
particularly we those, such as pediatricians and 
‘allergists, who routinely administer a large number 
of hypodermic injections. The fear of anticipation 
is often much worse than the actual pain of the in- 


-+ jection and is frequently translated into unpleasant 


Se a eee 


Froune tl. Avtomatic Freon Gas Refrigerating Unit iat 
mately One Fifth: Actual Site.) 


. 
1 


disturbances in the reception room of .the office 
or on the wards and in the outpatient-clinics of the 
-hospital, Extreme examples have been noted in 
“children who start to scream as the car in which 
they cre riding approaches or passes the doctor's 
office, where they have previously been inoculated. 
Certainly, some children are so emotionally upset 
by injections that treatment could be termed 
“worse than the disease.” Although I have had 
no expericnce with adults, many of them also have 


Feom the All. "" Division, Feet aiieng al Medicine, ead the Newru- 
gucvical Kuveasrch Leluratery, Children’s Midical Center, 


at Aseoriane pho cician, Medical Service, Chitdree’s Muspital; seevciete 
cet AMeoroy therert, Childcen’s Mespetal. 
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about receiving hypodermic injections. i 
With these facts in mind, use of the cdc, 
for inhibition of cutancous pain, accord: .; 


a profound fear of “needles” and are gui ‘\ 
method of Ingraham, Matsoh and Wi... 4 


their report in 1947, was begun. Over :2.!! 


the various cooling devices have include * .. j' 
boutle type with ice, ice and calciusa chi: 
operated freon gas and finally autos .+!i 
operated freon gas. 

While attempts to determine the v.i.. 
an apparatus in practical use were |. - 
the convenient, efficient and economies! 
in Figure 1 was devised.§ By meansof . | 
of freon gas, seated by the action 
screw cap, a measured amount of the , 
matically flows into a chamber at the tr to 
of the tip on a firm surface. When the | 
is released the gas is allowed to escape t 
small opening and in so doing cuts -te | 
temperature of approximately 5°C. in at 
of about five seconds.. The smooth m-t. 
the tip is then held firmly against the o): ; 
five to sixty seconds, reducing the in". 
to approximately 11°C. The hypote:. 
is inserted through the couled shin, os 
the sensation of needle pressure by coun’ | 
oft the adjacent skin. More than Zi’. 
injections have been given by this we 
in the past year. Many of there are t 
jections on the same patient. “Phe age-: 
dren varied from two to sixteen yest! 
below the age of two years were not it‘; 
this study since subjective results from’ 
group could not he obtained and esate’ 
number of injections that could be gives | 
gas cartridge varied from 12 to 28, with 4 
of 22 during the past year. As the pete” : 
familiar with the device and its eth.es! 
average number of injections fer cat 
cieased, 


Resutts 


From an entirely practical standpeint "! 
cooling device for inhibition of cutsce - 
hypodermic injections was eminently 
both for the doctor and fur the patrst 
office practice. It eliminated almost sit 
and unpleasantness for the patient 

was employed. Results were fairly . 
occasional failures being caused by ts. 
ficultics. In several patients there «796 
complete failure of inhibition of pam +! 
cooling device was used. These “er h 
tional children with a great deal of 29> 
low pain threshold, ‘These are rerat's# 
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HYPERVITAMINOSIS A: REPORT OF A CASE 
: IN AN ADULT MALE* 


Py Exxest W. Suaw, Captain, USAF (MC), Travis Air Force Base, California, 
‘ and Juan, Z. Niccott, M.I., 7 Diego, California 
Com. Trt; heel 39.'131-3¢ uk, \/ Zi 

Tur. syndrome of hypervitaminosis Ajias Wen described in at least 17 infants 
ac! veung children since Josephs’ original afticle in 1944.42 Sulzherger and 
Lavae? described similar toxic symptoms which occurred in an adult female who 
«A large amounts of vitamin A in an attempt to prevent colds. Rodahtl* has 
“extibed the toxic symptoms of hypervitaminosis A resulting from polar bear 
‘ver ingestion, — 7 : 

The present report is of an adult male with this syndrome and demonstrates 
avcral interesting features. : : 

Case Reroxt 


Present Illness: A 25 year old Mexican drug store clerk was first seen hy us on 
“ech 41952. He complained of marked asthenia, a 10 pound weight loss, anorexia, 
#'shpsia, polyuria, a skin rash, excessive loss of the hair of the entire body, soreness 
af fissuring of the lips, and pain in the area of the shoulder joints, ribs, tibia’ and 
vite. All of his symptoms were of about two weeks’ duration. He and his family 
teseved that he was very seriously ill. 

Questioning revealed that for about two months the patient had been taking three 
four vitamin A capsules daily (50,000 U.S.1. of international units per capsule), 
tf two to three multivitamin capsules daily, cach of which contained 25,000 units of 
gumin A. He had also taken three ampuls of vitamin C and four or five 1 mm. in- 
ations of liter during, that period. The patient would often omit a meal and take 
satin capsules in licu of cating. Shortly after the onset of the above symptoms the 
stent was scen by a physician in Tijuana, Mexico, who prescribed three injections 
leurtisone, three ampuls of 2 ml. cach of vitamin B complex, and three injections 
4a sodium salicylate-colchicine; sodium iodide preparation. ‘The patient discon- 
tead vitamin A and all other ‘medications about one weck before entering the 
. Sepatal, ; ; : 

Vast History: The patient had been in good hes'th and had had no previous 
vtious illness, He had never had any known liver disorder. Family history was 
® contributory, : 


* Received for publication January 30, 1953. 
Permanent address of senior author: 1870 4th Ave., San Diego, Calif. 
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2A MAculopapular rash on skin on all areas of: 

body, desquamation of the and a Strong odor emuar,: 
from the skin, 


“3. Slight faucial injection and marked desquan 
Membrane, : 


. A sinus tachycardia (rate 100 to 110), though the blood Pressure, heast ,. 
and sounds were Normal, , 
Liver enlarged by palpation three fingerbreadths below the right costal may, 
Nnontender, 
ger Marked tenderness Over many bones, 
ribs and both tibiae, - 
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Laboratory Studies: March 3, 1952: Comple 
blood Blucose, 110 Mg. per cent. Afarch 5, 1952: Red blood count, 3.97 git. 
Hemoglobin, 12 gm., 84 Per cent. White blood count and differential, normal. Te. 
Proteins, 7.0 gin, Serum albumin, 3.81 em. Serum globulin, 3.19 gm. Cholene 
(total), 162, Alkaline Phosphatase, 7.0 un ulfalein, 1.5 Per cent reters. 
in 45 minutes, leterus index, 16, ion, 1 plus in 48 hours, 8. 
rubin, 1.6 mg. per cent, Calcium, F cent (normal, 9 to 11.5). 7m 
phorus, 3.1 ng. per cent. K]j ‘ahu, negative, 2352; Bi, 

Win time, 14 second » 17 second 
lood Carotenoids, 23 Micrograms per cent 

alcohol, 183 Microgramy per 
tenoids, 82 Miccogram alcohol, 237 Nicrogranis per er. 
Serum calcium, 12.7, ood Carotenoids, 69 Micrograms per ar 
Vitamin A alcoho}, 15 Urine: Murch 3, 1952: Routine c 

nalysis, normal, Bence-Jones Protein determination, Negative. Ify. 

8, 1952: Sulkow ty “milky reaction” (strongly positive), March 10, Iv. ; 
Sulkowitch test, normal, March 18, 1952; Sulkowiteh test, normal, 

X-Rays (March 3, 1952); X-rays of the chest, abdunwn and skull were wv 
Pletely normal. There was no evidence of Osteoporosis or cortical hyperoste- 
Electrocardiogram (March 3, 1952) * Normal except for slight tachycardia (nm 
104). i 


te blood Count, normal. Fay 
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Course: The Patient received no therapy other than withdrawal of vitamin Ax 
Modified bed-rest. He was advised to restrict the intake of butter and cream T 
symptomatic improvement Was rapid. Two days after he entered the hospital ¢ 
bone and Joint pain disappeared, the appetite returned ty normal, and the asth:: 
Was replaced by a sense of well Deing. The skin rash and the desquamation 6 
buccal mucous membranes cleared rapidly. The hair continued to fall out and to! 
Coarse and brittle for about three Weeks, then it began to grow back and to lose: 


brittleness. Much of the hair of the eyebrows and eyelashes fell out about two wei 
after he entered the hospital, 


The liver enlargement decreased ro weeks after his entry © 
the hospital the live 


. ow the right costal marg” 
three weeks after : ; te right custal margin. 
The pulse rat ; ys after his adntission to € - 
hospital. : 
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The patient was discharged eight days after entry inte the hospital and continued 
to comalesce at home. He rapidly regained the lost weight. About two months 
a‘ter the onset of his symptoms he was clinically well, 


Discussion 


" The essential differences in this case from the similar case in an adult female 
jtevionsly reported are that our Patient did not present pruritus, skin pigmenta- 
ten, exophthalmos or sexual alterations, but did demonstrate hepatomeyaly and 
acreasy odprous skin. Features Presented common to cases previously reported 
m infants and children included bone and joint pain, skin rash, alteration of the 
nucous membranes of the lips, asthenia, Weight loss, anorexia and hepatomegaly, 

Factors other than the mere ingestion of large amounts of vitamin A may 
te involved in the pathogenesis of this condition, Joserhs,! for example, 
cet the observation of an cight month old infant who rece: ed 500,000 units 
‘ef vitamin A daily over a period of four months, with no Symptons of toxicity 
aed with a normal blood vitamin A level, All authors have reported complete 
tecovery from this syndrome following withdrawal of vitamin A. Several 
lave repeated experimentally the clinical syndrome after the symptoms had 
sutyided by re-acministering high doses of vitamin A, 

Rodahl “in excellent Monographs has reviewed the subject of the toxic effect 
tf polar bear liver and hypervitaminosis A, and has contributed interesting obser- 
tations on experimental animals, He states that it has been known for centuries 
anong Eskimos and Arctic travelers that the ingestion of polar bear liver by 
rien or dogs causes severe illness, severe headache, dizzi- 
ress, irritability, vomiting the ingestion of polar 
tear fiver, After about a skin and some loss of 
hair may occur. Rod i 
the large amounts of 
toxic symptoms, 

Conctusion 


A case of hypervitaminosis A in an adult male is reported. The patient pre- 
sented anorexia, Weight loss, asthenia, skin rash, loss of hair, polydipsia, polyuria, 
soreness and fissuring of the lips, bone and joint pain, hepatomegaly and tachy- 
aria, He made a prompt recovery following cessation of vitamin A ingestion, 
The similarities and differences between this case and the others reported are 
discussed, ; . 
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A case j reported below of acute arthritis and m 
Specific serologic reactions of leptospirpsis d 
resembled rheumatic feve 
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’ 
sF-4" ts 


- . 
te. re 
= wap ac traectc 
ae ee ne — nee re etree en, 


ospiral ctiology, ; 

a group of ‘nesses caused by spirochetes of a number 
ct strains, Leptospira icterchacmorrhagiae, the cau: 
fospira canicola, the cause of canicola fever, were cou 
the United States before 195], Evidence of humat 
rst recognized in the United States 
ona infection soon followed,? as well a 
trains, namely, Leptospira autumualis! 
Fourtecn different specific leptospirae were 
a result of studies of the Strains of leptospirae and Teports 

of cases and epidemics of illness from all parts of the world. The infectiors 
caused two main Broups of clinical manifestations, The first group comprise: 
infections that were Somcetinies severe and often associated with jaundice. They ! 

® Received for publication January $, 1953, 
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ACUTE HYPERVITAMINOSIS A OF THE INFANT: 


Mts Clinical Monifestation with Benign Acute Hydrocephotus and Pronounced Bulge 
of the Fontonel; @ Clinical and Biologic Study 


JULIEN MARIE, M.D. 
ano 


GiORGES SEE, M.D. 
PARIS 


HIRONIC hypervitaminosis 4 accidents are now well known, through the works 

of Rodaht and Moore and Josephs, and especially through the mainly experi- 
mental observations of Toomey and Morisette and, later of Rothman and Leon. . 
There are various publications on this subject in the medical literature. 

Our purpose is to draw attention to the acute incidents which may follow the 
administration of very large quantities of vitamin A in the infant. These incidents 
are especially characterized by acute hydrocephalus, with spontaneous and intensive 
bulging of the fontanel, frequent vomiting, agitation, or insomnia, and this without 
any meningeal sign or disorder in the general status, The disturbances begin 12 
hours after ingestion of the drug and end 24 to 48 hours later, spontancously or after 
lumbar puncture. : 

Since we first described, in February, 1951,! the syndrome of acute and benign 
hydrocephalus in the infant following the ingestion of a large amount of vitamin A, 
the observation has been confirmed by many pediatricians. Some of them remem- 
bered infants presenting extreme bulging of che fontanel, vomiting, and normal 
temperature, but with the cause of the disorder unknown. Informed by our observa- 
tions, they conducted a written or oral inquiry of the families, and they were able 
to retrace the ingestion? 24 hours before the incident, of a large dose of vitamin A, 
plain or associated with vitamin D. Such are the cases reported by S. Thieffry 

“< (Paris), in dizygotic twins, and hy M. L. Jammet (Paris), l'Hirondel (Caen), and 
Cluct Garcia? (Barcelona). Finally, after our communication, many French and 
forcign pediatricians observed the syndrome as we described it—in particular, 
Fleury *; Vonderveit, in France; Montero Rodriguez, in Spain; Caruana and 
Hamza,* in Tunisia; Demoulin * and Hooft, in Relgium, and Knudson and Roth- 
man' (Dr. Mary Mulloy’s case), in the United States. 


° 


« 1. ACUTE HYDROCEPHALUS FOLLOWING INGFSTION OF LARGE QUANTITY 
OF VITAMIN A ASSOCIATED WITH VITAMIN D 
We shall here report three cases we presented on Feb. 20, 1951, at the Society 
of Pediatrics in Paris. 
Case 1.—B. Gilles, aged 344 months, weighing 5,690 gm., on July 7, 1949, vomited at 7 p. m. 
the feeding he had just drunk. He was pale and fell asleep very soon and did not awaken at 
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10 p. m. for his feeding, although he usually had a good appetite. On the next day the child was 
gay aml drank well, but he was still pale, amd the mother noticed a bulge of the funtanel. 

The chit was brought to the hospital; he was strictly afebrile and Invked norinal, but his 
anterior foutanel was very protruding and distended, even when he sat wp, the fomancl resembling 
the head of a cap mushroom on the cranial surface. The neck was flexible, and there was no 
neurological anomaly, The fundus oculi was normal, and the ear examination revealed no 
abnormality, The lumbar puncture showed a clear Muid, with 1.4 cells per cubic millimeter 
and 25 mg. of allamnin per 100 ce. 

The next day the child scemed to have recovered; the iuntanel was rather depressed, but 
one could notice edema at the point of lumbar puncture, proving the persistence of a subcutancous 
flow of the spinal fluid. The condition had returned to normal on July 10. 

The history showed that on the morning of July 7 the infant had drunk in his bottle the 
contents of an ampule which had contained a large amount of vitamins A and D. 

Case 2.—I. Jean-l.ouis, aged 714 months, on Sept. 27 presented cerebral vomiting at 1 and 
4 p.m, soon after having drunk his feeding. During the afternoon he was very sleepy, but 
at night Ite played and smiled normally. 

On Sept. 28 this child, of 7,000 pm., presented a very prominent bulge a the fontznel, more 
conspicuous when he cried and without any pathological sign. 

The lumbar poncture showed a clear fluid containing 1.8 cells per cubic saiihcncies and 15 mg. 
: of albumin, 80 mg. of sugar, and 730 mg. of chlorides per 100 ce. . 

The day ended well, and the next aay the child had. recovered completely. 

Investigations showed that the child had taken an ampule containing the same large amount 
of vitamins A and D as in the preceding case. « 

Case 3.—M. Claudine, 3 months old, on Jan. 20 presented projectile vomiting 10 minutes 
afier having drunk her feedings at 7 and 10 a.m. The child’s father noticed that the fontane! 
was distended and protruding. In the afternoon she took her feedings but had a diarrheal stool. 
The temperature was nor’ " 

On Jan. 21, the hild vu.nited at 7 a, m., but she was gay, had good color, and was smiling. 
The fontanel was easily scen, protruding and tense. There was no meningeal or neurological sign. 

‘The blood pressure was 85/40. The lumbar pressure, measured with Claude’s manometer in 
the lateral position, was 31 cm. of water; after jugular Pressure it increased to 42 cm., and on 
abdominal pressure, to 56 cm. of water. 


The spinal fluid was clear and contained 22 cells per cubic millimeter and 35 mg. of albumin, ° 


60 mg. of glucose, and 700 mg. of chloride per 100 ce. 


On the night of Jan. 21 the fontanel was still a little distended and prominent, but the child 
retained her feedings. The next day there was no disturbance. 

The child had never been ill, except for a slight cold the previous week. On Jan. 19, at 
7 p. m., she took with her feeding the contents of an ampule of the same composition as those 


ingested by the other sii children, the three ampules coming from the same pharmaceutical 
Jaboratory. 


- Claudine retained this feeding and the following one, and it was 12 i. later that the 
first prominent vomiting occurred. 


1 


These three children had all received 12 to 24 hours before the disorders an 
ampule of Vitadone Forte, containing 350,000 units of vitamin A and 7.5 mg. of 
vitamin D3 (calciferol), that is, 300,000 units. 

We managed to reproduce the same syndrome in two bioadtatined infants, 4 and 
7 months old, after ingestion of this same drug. We also observed an acute hydro- 


- ¢ephajus produced by hypervitaminosis A in a 2-month-old infant who received nose * 


drops ‘containing 50,000 units of vitamin A, supplemented with vitamin D, The 
summary of the case follows. : 


Case 4.—R. Alain, aged 2 months, weighing 4,700 gm., presented on Oct. 20, 1950, a prominent 
bulge of the fontanel, without any vomiting, discomfurt, or increased temperature. The lumbar 
puncture showed a clear fluid containing 2.8 cells per cubic millimeter and 25 mg. of albumin 
per 100 ce. . 
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ACUTE HYPERVITAMINOSIS A IN INFANTS 


On Oct. 24, the child scemed cured. 


‘* Four weeks previously he had had a slight thinopharyngitis, which was initially treated with 
& product containing penicillin. During the preceding weck, he had beeu given nose drops of 
&@ preparation containing $0,000 vuits of vitamin A Her gram and vitamin D. The child reecived 
3 drops in each nostril, i. ¢., 6 drops four times daily, which amounts to about 1 gm. This 
totaled in six days a large quantity, of approximately 300,000 units, similar to the dose reecived 
by our other patients, 


The fact is known that the pituitary mucosa is an excellent way of absorption for 
certain drugs, not excluding the possibility that a certain amount of the oily sub- 
stance instilled in the nostrils might have been swallowed, penetrating the gastric 
passage. 


MI, ACUTE HIYPERVITAMINOSIS A IN THE INFANT 


In the previous cases, the role of vitamin A seems significant to us. Excess of 
' vitamin D, well known from the works of Professor Debré and his collaborators, 
Thieffry and Brissaud, produces quite different éffects. Nevertheless, the addition 
of vitamin D, even in very small quantity, to vitamin A, as it occurred in our 
preceding case, docs not necessarily validate our observation. 
We have therefore studied the result of administration of plain vitamin A to the 
infant, and in three cases out of six we managed to reproduce the acute hydro- 
_ cephalus, : 
We shall report only one of these cases here. 


Case 5.—C. Joel, 4 months, was treated in our service beginning Dec. 12, 1951, for purulent 
staphylococea! pleuritis, which was cured, but he presented a periscissural sftening, his fontanel 
was wide and normai!y tense. 


* On March §, 2¢ So. m., the child ingested an ampule containing 350,000 units of natural 
vitamin A. 

On March 6, at 6 a. m., the nurse that fed him, who Was not aware of the ingestion of the 
drug, noticed that the fontancl was bulging and formed a knob on the child's head; the child 
vomited after he drank. At 8 a. m. the bulging was considerable; there was no meningeal sign. 
On March 7, the fontanel was still a little tense. Ou March 8, all abnormalities had disappeared. 


The child vomited only once, but, although the child’s weight increased regularly, there was 
& slight loss of weight on March 6 and 7.* 


Vitamin A alone, given orally and in very great dosage, is therefore the cause of this 
unexpected and transitory incident. i ‘ * 


_ In otir subsequent studies, we continued to use plain vitamin A, and we sys- 

, _ tematically observed the status of the fontanel, the cerebrospinal fluid pressure, the 
fundus oculi, and, especially, the blood vitamin A level. Several times we reproduced 
the’ same disturbances in infants, from the age of 24 days to 15 months. 


The precise clinical study of six infants who presented disdrders alter ingestion 

of a single dose of 350,000 units of vitamin A induces us to describe a special 
syndrome characterized by the signs to be noted, 

1. Functional Disorders—We noticed 12 to 24 hours after the ingestion, almost 

always, repeated projectile vomiting, twice, cerebral vomiting and diarrhea, and 


© With other infants, we proceeded exactly in the same way, but using synthetic vitamin A 
instead of the natural vitamin; yet we could not reproduce the syndrome. Neither could we 
feproduce it with subcutanecus injections of natural vitamin A (60,000 to 90,000 units). 
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usually, restlessness, discomfort, insomnia, or drowsiness, Four infants showed a 


rise in temperature to 102.2 F. (39 C.); most of them did noz gain weight for 48 
hours ; une of them even lost weight. 


2 
The disorders were, however, not proportional to the severity of the hydro-; 


cephalus; they perhaps were even inversely proportional; in fact, the child whose’ 
fontanel was most bulging had no disorder whatsoever. 

2.* Clinical Study.—We insist on the isolated character of the disteaded fontanel, 

_ which in the most typical cases produces a proper mushroom-like protuberance on 
the child’s head, but there is no meningeal sign or any neurological anomaly. The 
blood pressure is not modified. 

We have systematically studied the cerebrospinal fluid, and it appeared chemically 
and cytologically normal. The study of the spinal fluid tension was more interesting. 
Measured with Claude’s manometer, the child heing in lateral position and not 
crying, the fluid tension showed valucs from 15 to 23 cm. of water, and from 22 to 
30 cm. after jugular pressure. In another group of infants, not receiving vitamin A, 
we found under the same conditions the following values: 11 to 13 em., and 22 


23 cm. after jugular pressure. 


This slight hypertension of :he sp:nal fluid is not proportionate to the height of 
the tension of the fontanel, but after evacuation of a certain amount of fluid there 
~ isa marked reuuction of the bulge. 

In these six infants, we systematically studied the fundus oculi and the electro- 


encephalogram, without noticing any alteration, Likewise, there was no modification 
of the prothrombin rate. 


3. Chemical Study.—Much more interesting was the measure of plasma vitamin 
A absorption rate, which we studied through Carr and Price's color test.f - 

For infants of less than one year, the level was, on an empty stomach, from 75. 
to 132 1. U., the average for six children being 102 I. U. In opposition to Mr.-H. 
Aron’s statements, the individual variations seemed to us to be proportionate to the 
alimentary diet and to the drugs taken by the children. In fact, the highest level 
(132 1. U.), was observed in a case of cured rickets. 

Six hours after ingestion of the drug, the valucs reached 400 to 714 1.,U.; the 
average value for the six children was 513 I. U. The increase secmued proportionate 
to the values at the start and reached five times that value. A few exceptions, how- 
ever, were noticed, and they certainly pertained to difierent individual capacities of 
; absorption and assimilation. 

Twelve hours later, the values fell to about 170 and 353 1. U., that is, to two to 
"three times the value at the start. It should be noticed that the most bulging fon- 
tane!s are not accompanied by the highest values. 
In a second series of six children, of less than 2 years of age, but whose fontanels 
were closed, the values at the start were 110 to 170 I. U., or an average of 140 I. U. 
Six hours after ingestion, they reached 308 to 1,060 I. U., or 2a average of 690 
1. U., i.e, five times the initial value, Twelve hours later, they dropped to values 
between 160 and 297 I. U. 


Altogether, these values were higher than those of the infants. 
We can add that we never found vitamin A in the cerebrospinal fluid 


. 


f Miss Larrue and Mr. Chaix assisted with this test. 


. 


re rene SE ety, gon «<n cestneitiee !*. 7. 
gg ROI a a NOL a gs 


. 


* 70,000 uni 


Paris 27:17 


_ pédiat 10:1 


ACUTE 16297 


Acute 
absorptior. 
secretion 
pressure. 
but witha 

The cc 
well know 
hypovitam 
fact seems 
fluid press 
of calves. 

We su 
from 3 to 

One of 
A by mou 
plasma vit 
fell to 85C 

Two ¢ 
showed n 

Twoo 
and they : 

In the 
hydrocept: 
important 


Our cl 
the acute ! 
absorptior. 
and its rer 

It seer 
dosage. C 


been perfe 


1. Mari 
dose massiv 


2 Cluet 


masiva de \ 
3. Flew: 


2 Oe: 1 


. 
me ew am Ketan 
<<; 26 2 : 


mele 
: Se be ghe ERE. wo = 
= EL OED a ICO Ope a 6 BCA) FORINT. VR ANB 2s OM AY etng® APRS ORR Bd WE OP Re EE Pe Le Oem, or 
pore _ sas . ‘ : . fea = * Fe . * *%. 


VSTILDREN 


ACUTE HYPERVITAMINOSIS A IN ING ANTS 


-Showed a 


I. COMMENT. AND EXPERIMENTATION 
“wht for 48 


Acute hydrocephalus is, therefore, certainly produced by oral ingestion and 
absorption of a large amount of vitamin A. This is in connection with an excessive 
secretion of cerebrospinal Muid, evidenced by the increase of cerebrospinal fluid 
Pressure, The hydrocephalus develops in parallel with the increase of vitamin A, 

a , 
 fontanel, but with a few hours delay. 


| 
me hydro- 
=rance on x : The connection between the spinal Auid and the vitamin A absorption rate are 
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aly, The well known from studies by the veterinarians.® But, to our great surprise, it is 

_ hypovitaminosis which accompanies an excess of cerebrospinal fluid pressure. This 
fact seems so consistent that Canadian veterinarians rely on an increase of the spinal 
fluid pressure to reveal a hypovitaminosis A, and to treat it in time, in certain breeds 
of calves. 5 


emically 
feresting. 
cand not 
.2m 22 to 
=aunin A, 
ad 22 to 


We succeeded in reproducing the syndrome of acute hydrocephalus ¢ in puppies 
from 3 to 4 months old, 
_ One of them, weighing 4,000 gm., received an ampule of 350,000 units of vitamin 
A by mouth. It showed a very distinct tension of the fortanel. The initial level of 
plasma vitamin A was 310 J, U.; 6 hours later it was 1,700 I. U.; 12 hours later it 
fell to 850 J. U. 
-electro- : ‘Two other Puppies took only the oily solvent (vitamin A destroyed) ; they 
fication showed no modification. 
Two other puppies received during three days 100,000 waits of vitamin A a day, 
. cvitamin and they showed no disorder. : 
: In the dog, as in the human being, vitamin A produces an acute and transitory 
som 75 hydrocephalus, provided one gets a massive and rapid absorption, expressed by an 


Ee - important increase in plasma vitamin, i 
2 to the 


st level . : SUMMARY 


-zsight of 
vid there 


. _ Our clinical observations and our work on infants and animals convinces us that 
.; the the acute hydrocephalus, with intensive bulge of the fontanel, produced by the rapid 
ee absorption of vitamin A is x ‘ransitory and harniless disorder in both its immediate 
.". and its remote prognosis, 

It seems to us, however, quite harmful to use this treatment in such excessive 
cwoto | dosage. On our request, this drug is now being Prepared in the concentration of 
ze fon- . 70,000 units of vitamin A and 2 mg. of vitamin D, and in this dosage it has thus far 

: been perfectly tolcrated, 
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«iase Reports 


Vitamin A Poisoning in Adults’ 


With Description of a Case ae ag 


~ 


ALEXANDER Gerner, M.D., ADOLPH P. Raap, oD. and Avarat FE. Sones, php. 
ee Brooklyn, New York 


HE present report concerns an adult with 


long standing vitamin A poisoning who 
had the highest fasting blood vitamin A 
revel ever recorded. During: the course of her 


-\santoxication, which-lasted ci¢ht and one-half 


os 


vears, she was hospitalized ten times. Before the 
correct diagnosis of hypervitaminosis A was 


*. established the following diagnoses had been 


<> Considered: brain tumor, serous meningitis for 
. which she underwent a subtemporal decompres- 
mon, chon cncephLalitis, viral radicutocn- 
< cephalitis, psychoncurosis and generalized in- 


iectious arthritis. For the first time x-ray evidence 


_ of bone involvement in an adult is described. 


HISTORICAL 


As carly as 1857 acute illness had becn 
described by arctic explorers following the in- 
gestion of polar bear liver. Elisha Kane men- 
tioned “vertigo, diarrhea, and their concomite 
ants” as the aftermath of cating this food.' 
Jackson? in 1899 mentioned that many arctic 
explorers of that period knew of the poisonous 
qualities of polar bear liver. It was not until 
1942, however, that the toxic substance in polar 
bear liver was identified by Rodah! and Moorc? 
as being vitamin A. ” 

The first reports of toxic effects of cxcess 
vitamin A in animals appeared in the late 1920's 
and carly 1930's. von Drigalski adininistered a 
vitamin concentrate rich in vitamin A to white 
rats. In four to six days these animals showed 
dishevelled fur and marked emaciation. After 
five to cight days conjunctivitis, hemorrhagic 
chinitis and diarrhea appeared. Within five to 
nineteen days the animais died. Collazo and 
Rodriguez conducted similar experiments.* They 
noted inflammatory changes of the cyces, bilateral 


exophthalmos, cessation of growth and spon- 
tancous fracture of hones in addition to trophic 
changes of the skin and loss of hair. When the 
overdosage was stopped, the animals recovercd 
and gained weight. Russo was unable to dupli- 
cate these effcets in animals and concluded that 


high doses of vitamin A were not toxic.® Clausen 


in an excellent review of the experimental work 
on this subject came to the conclusion that “the 
litcrature was so contradictory at that time 
(1938) su ae to afford no evidence that vitamin 
A would have a harmful eflect on human 
beings."? Subsequently, Moore and Wang" 
produced fatal uterine hemorrhage in adult 


_ pregnant rats by the administration of toxic 
. doses of vitamin A. 


In 1912 Czerny administered large doscs of 
cod liver oil to tuberculous children and ob- 
served the development of schorrheic dermatitis 
of the face and scalp.* Getz and his associates 
administered 50 cc. of halibut liver oil (2,000,000 
units of vitamin A) in a singh: dose to four 
adults."® All experienced dull headaches but no 
other symptoms. Rodahl and Moore cite the 
instance of a man who consuined 6,000,000 
units of vitamin A daily for five days at which 
time he became severely ill, complaining mainly 
of dizzincss. On stopping the vitamin A he 
rapidly recovered and appeared to be normal 
within ten days. Clinical recognition of chronic 


vitamin A poisoning was first described in a 


child by Josephs in 1944.'" Since then other 
reports have appeared, mainly in pediairic 
literature. By 1952 Caffey had listed ewenty-two 
reported cases in children.'? Only two cases of 
chronic hypervitaminosis A have heen reported 
in aduits, neither of whom exhibited the ad- 
vanced changes present in our patient.'*"* 


® Feu the Deparunent of Medicine and the Department of Hiochemiatry, Jewish Hospital of Brooklyn, Brooklyn, N.Y. 
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CLINICAL CLASSIFICATION 
A clinical Classification suggested by Knudson 
and Rothman divides hypervitaminosis A into hones, _ painful . Swelling 
acute and chronic forms as they exist in infants irritability, prur itus, hepatomegaly, limitation of 
and adults," motion or inability to stand, sparse coarse hair, 
Acute Uypervitaminosis fissuring of the lips, Constipation and a failure to 
Ypervitaminosis A in ; ing Rain weight. Splenomegaly was noted only hy 
*accidental ingestion of itami Josephs, ee 
has been reported by Gribetz et al. reported the case of a Seventeen 
and by Garcia,1-1 | month infant who | ment of the head. 
drowsiness, there Ww Slightly dilated ven 
fontanclle in every 


of excessive Vitamin A intake. The 


Most promi. 
nent features were Corti 


cal thickening of the 


$s in the extremities, 
ms 


S$ marked bulging of the 


case. During their illness 
ences of cervical rj 


lowing lumba y Arena as 
vitamin A. In abes.?2 X-ray of the skull 
nelic bulged 2 ¢ vas under 


tm bones. There was no 
“ssure and contained 30 cells 
nt were | 


mination of all vitamin 

ymMphocytes, The bones became normal. 
and no bacterial Sts Ain Adults, Only two 
rvitaminosis A have been 
rger and Lazar in 1951 
‘old woman who, in an 
Prevent “colds,” had taken 600,000 


units of vitamin A daily for eightcen months, 
lults. Symptoms suppleinented by occasional doscs of | to2 million - 
aminosis A in adults appear —units."3_ He 


findings included 
ht hours following ingestion of the foll Periods of shorter 
amin A, Headache j duratio Ws Beneralized joint 
and ho and fissuring at the 
nasal apertures; dry 

esquamation, peculiar 

oss of hair, and gen- 

Sweats; and increased 


Cutancous desyuamarion Cevel 


‘+... trunk and extremities after a fey 


Acute Hypervitaminosis Ain Ad 
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. Meal of shark Jiver.19 Their al long bones and joints 
of severc headac » NaUSca and vomit. tures, and that headaches 
ing. Recovery d conplete, Within — were not included as part of the symptomatology, 
thirty: on of the skin Staricd Her highest vitantin A level was 60 bluc units, ® 
and } ¢ extensive Bifulco" in 1953 Presented the case of a fifty. 
Chronic Mypervitaminosis A in Infants, In 1944 ' year history of 
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21 ingestion, ceased within the following two 
- wears. The eyes were prominent and pulsated, 
-=nd the fundi disclused abnormal pulsation of 
.-=ne retinal veins. A thumping headache devel- 
.¢ ped one month prior to the Cessation of vitamin 
-«21 ingestion and was still present six months after 
=H) vitamin A had heen stopped. Cerebral 
s=ngiography was performed but failed to dise 
40S aN ancurysin, There was pain on flexion of 
.v—il joints and marked tenderacss was clicited 

Ver the long bones of the extremities. There was 

a0 joint swelling or deformity. No mention was 

-—ade of x-rays. Heaclache and pulsation of the 

--2ght eye persisted at the time of the report, all 

a=ther manifestutions having returned to normal 
az~veral weeks after vitamin A was stopped. 


CASE REPORT 


m— S.L., a twenty-one year old unmarried white 
-=anale-was adinitted on July 24, 1945, to hospi- 
- -) “A.” Her chief coviplaints were diplopia for 
ve weeks and headaches and nausea for four 
secks. Five weeks prior to admission she noted 
.--zurring of vision followed by diplopia. This 
. sersisted and was in turn followed by severe 
~—ontal headaches and nausea. Three weeks prior 
~é admission the patient began to have incon- 
.-saence of urine and nocturia, 
—=sional enuresis. She also developed urgency 
-<«d frequency hut no burning on urination. 
st7stemic review revealed occasional joint pains 
-=<Curring with inclement weather, She had a 
~id for two weeks, and a cough for one week 
.=20F to admission. Her family history revealed 
<=pertension in two Srandparents and cancer in 
~third. Menses began at twelve years with: 
~<tular thirty-day cycles lasting five days with a 
—szmal flow. There was occasional dysmenor- 
sta. She smoked onc pack of cigarettes a day, 
_7 The physical examination at this time showed 
-2ziperature 99.6°r., pulse 84, respirations 20, 
2d pressure 105/75, She was a well developed, 
7s] nourished white female in no distress. The 
= 78 reacted equally: to accummodation and 
j-—at. Pupils were round, the left slightly larger 
<M the right. There was internal strabismus 
+n uncrossed diplopia and nystagmoid twitch. 
+5 in both lateral gazes, right more than left. 
=F repeated latcral eye movements the nys- 
mus became more sustained, Fundus cxam- 
sition showed both discs hypereinic, Margins 
-- tly blurred, slight venous con: xtion and a 
hemorrhage near the right dise nasally. 
ie conduciion was greater than air conduction 
wv, 1954 
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73! 
* on the leit. Facial sensations, corneal reficxes 
and jaw motion were normal. ‘Hearing was 
normal. Tongue movements, swallowing and 

‘taste were normal. The neck was supple and no 

glands were palpabte. The lungs were clear to 

percussion and auscultation. Examination of the 
heart showed regular sinus rhythm, P,; greater 
than Ay, the point of maximal impulse in the 
fifth intercostal space, There were no thrills or 
murmurs, The liver, spleen and kidneys were 
not felt and no abdominal tenderness was 
present. No costovertebral angle tenderness or 
vertebral tenderness was clicited. Motor power 
was norimal in all limbs. The reflexes were 
symmetrical and equal! throughout except for 
+ the right knee jerk which was greater than the 
left. No pathologic reflexes were clicited. The 
finger to nose, heel to knee and pronation. 
supination tests were normal. Light touch and 

Pinprick were normal throughout. Position and 

vibration were appreciated in the great tocs; 

however, vibration was diminished generally on 
the left. Gait and speech were unimpaired. The 
patient was alert, intelligent and coopcrative. 

X-ray of the skull showed some inerease in the 
digital markings of the cranial vault. The sella 
turcica was normal in size and shape. No 
abnormal calcifications were demonstrated. 
Examination of the skull following direct 
ventricular injection of air showed that the 
anterior horns were well outlincd. They showed 
some dilatation but no evidence of 4 shift. 
The bedies of both lateral ventricles, however, 
were poorly outlined. The posterior and infcrior 
horns appeared normal. The visual ficlds on two 
Scparate occasions showed a‘small but cefinite 
constriction bilaterally, the left slightly more 
than the right. Visual acuily was O.D. 10/15, 
O.S. 10/10. 

The laboratory findings were as follows: 
urinalysis, 1 plus albumin on 2 occasions; red 
blood count 4,000,000; hemogloblin 81 per 
cent; white blood count 10,700, with a norinal 
differential count; E.S.R. 3 mm./one hour; 
spinal fluid, glucose 56 mg. per cent, total 
protcin 31 mg. per cent; ventricular fluid from 
the right side, total Protein 15.6 mg. per cent; 
scrologic tests for syphilis negative in blood and 
spinal fluid. 

During the patient's stay a definite increase in 
the degree of choked disc was noted, more 
papilledema being present on the right than on 
the left. When she looked to the right the nystag- 
mus was definite and well sustained, the rivht 
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lateral deviation being greater than on the Ieft. 


The patient also began to notice diplopia on - 


straight gaze. On occasion she complained of 
pain in her left trapezius region and Ich leg. 
Ventriculography was done, both anterior 
ventricles being tapped. A moderate amount of 
clear colorless fluid escaped under increased 
pressure from the right anterior horn. When the 
. head was tilted no additional fluid was obtained 
from the right anterior horn and therefore the 
left anterior horn was entered. Although air had 
been injected into the right anterior horn under 
increased pressure, no air bubbles appeared in 
the brain cannula when the left anterior horn 
was tapped and the fluid which escaped scemed 
to he slightly cloudy. Ventriculograms revealed 
‘the lateral ventricles to be normal in shape, size 
and position. The third and fourth ventricles 
were not well visualized. An electrocephalo- 
Sram suggested postcrior fossa tumor or some 
other sultentorial disturbance. 

The patient left the hospital on September 6, 
1945, with a diagnosis of intracranial neoplasm. 
Six days later she was admitted to hospital “B.” 
At this institution additional history was ob- 
tained. The patient stated that she had “icthyo- 
sis” as lony as she could remember and had 


fourth ventricles was not due to obstruction at 
the foramen of Monro, aqueduct of Sylvius or 
the fourth ventricle. He favored a diagnosis of 
scrous meningitis and performed a right sub- 
, temporal decumpression. There was a continued 
‘! outpouring of fluid after the dura was incised. 
She was readmitted to hospital “B” on August 
15, 1946, approximately eleven months afier 
her previous discharge. She had remained 
“relatively well” until six weeks before this 
adinission, when she began to have pain in the 
. Fegion of the seventh right rib in the anterior 
‘axillary line. This pain seemed to spread pos- 
teriorly to the region of the ninth thoracic 
vertebra and later also to the right ninth costo- 
chondral junction. At times she noticed that her 
legs began to feel heavy. Three days before 
admission she noticed numbness in the x: ddle 
area. Her right-sided chest pain was accentuated 


. 


hy coughing and sneczing but not by straining. 
Ic was also increased if the patient lay on her 
altomen. 

Physical examination at this time revealed a 
markedly bulging area at the site of the previous 
sultcmporal decompression. The neck was 
quite supple but extreme flexion caused the 
patient’s chest pain to appear. Although the 
fundi showed rather full veins, the discs were 
well outlined. ‘There was some diplopia on left 
lateral gaze and some left central facial weakness. 
Sensory and motor findings were normal. Re- 
flexes were active and equal except for some 
hyperactivity of the biceps jerk on the Ieft. 
Hoffinann's sign wa. positive bilaterally. There 
was localized tenderness over the lower chest 
wall at about the ninth right rib anteriorly. 
No spine tenderness was clicited. 

Studies at this time showed the urine and the 
hlood count to be norm it. The urea clearance 
test and the blood sugar, urea nitrogen, total 
protcin and cholesterol were within normal 
limits. The cephalin flocculation and thymol 
turbidity tests were normal. A lumbar puncture 
vealed clear fluid under normal pressure with 
a negative Pandy test. X-ray of the chest failed 
to reveal any local pathologic condition of the 
bone. The x-ray of the spine showed some hyper- 
trophic lipping of the contiguous surfaces of the 
fifth and sixth thoracic vertebrae. Skull X-rays 
were normal except for the bony defect of the 
previous decompression. A pncumonecephalo- 
gram was likewise normal. Intravenous pyelog- 
raphy showed no alynormality. i 

During her hospitalization of two and one- 
half montk here was no improvement. She 
was treatcd with ‘thiamin cnloride for possible 
interc al neuritis. Radiation therapy also 
failed to cause any lessening of her pain. The 
medical consultant believed that her pain was 
probably unrelated to her cerebral lesion. The 
ncurologist suggested that such pain is often the 
result of medulloblastoma metastases, although 
in this case a large psychic element he’! to be 
considered. There was no improvement >-.d the 
paticnt was discharged with the diagnosis of 
costalgia, cause unknown. 

The patient was adinitted to hospital “C” on 
February 10, 1947, because of persistence of her 
complaints. Examination revealed a markedly 
bulging right subbtemporal decompression. The 
fundi showed pallor and the disc margins were 
somewhat indistinct, Th:re appeared to be 
atrophy of the right rhomboid and supra- 
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© scapular muscles, The right scapula was winged. 

2° The patient stoud ina Position of forward flexion 

eo and because of pain in the rieht hip and knee 

- + favored the right lower extremity in walking, 

.2> Blood studies included a scrum phosphorus of 
+ 4.0 mg. and alkaline Phosphatase of 6.2 units. 

X-rays of the chest, dorsal spine and foramen 
a= Jnagnum were considered normal. Fever thera py 
¢ with typhoid vaccine was given but the results, 
s~-while definite, were far from dramatic. A tanta- 
~- ium craniuplasty was performed and the patient 
x7 was dischareed on April 7, 1947. The discharge 
a= diagnosis was chronic encephalitis. 

One month later the patient was admitied to 
-=hospital “D" with a febrile illness of eight days’ 
+duration during which period the pains in her 
s-anees, clhows, right hip and Icft shoulder had 
= secome aggravated. The exact nature of this 
—acute illness was never determined. While 
r=physical examination of the chest was always 
sonegative, indefinir findings on lung X-ray suy- 

=2ested a pneumonitis. Many «ests and observa- 
=.2ions were made during this hospitalization, the 
=<=nost significant of which were: Sparse cycbrows, 
mmigmientation over the skin of the abdomen, 

Cpatuspicnuimegaly, mauderate anemia and 
=marked tilting of the pelvis. Tests for liver 
-zunction were normal, including BSP and 
s=nippuric acid exerction tests. 

During this hospitalization her bunc and joint 
e=>ains continued and her deformity seemed more 
j=narked. It was noted that while the pain in her 

saack persisted, she was comfortable when per- 
; soeuy quict. Her greatest difliculty occurred with 
=nanec in position after a.pceriod of rest. The 
zack muscles showed spasin of moderate deerec 
wind there was a flexion Contracture of the right 
-< tip. The hip joint was entirely normal, motion in 
Il directions being free and painless, with no 
==nderness present. Moderate tenderness was 
aoted in the right iliolumbar angle, with negli- 
esille tenderness of the Spine and _ sacroiliac 
ints. A plaster of Paris spica was applied from 
-=1¢ nipple linc to the middle of the right Ice. 
+n July 14, 1947, she was discharged. When she 
s=turned five weeks later fur removal of the cast 
ziere was no apparent improvement. At this 
s2me the liver was felt one and one-half finger. 
sreadths below the cw tal margin. The skin was 
-sniformly hyperpigmented, dry and shiny. 
p= he palins were cracked and scaling. One 
urologist Lelieved that the picture was one of 
ercbral and posterior root disorder, at various 
cs affecting the thoracic and lumbosacral 
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segments. He believed that the hepatosplenomeg- 
aly had a common ctiolugy with that of the 
Neuropatholoyy and therefore diagnosed enceph- 
aloradiculitis duc to a virus infection, 

The patient re-entered hospital “D" for the 
third time in five months because physiotherapy, 
which had been started during her previous 
admission and continued while at home, failed 
to arrest the progress of her discase or alleviate 
her symptoms. It was noted that she had con- 
tinued to take $00,000 units of vitamin A daily 
for her skin condition and this Was continuously 
her hospital stay. kiche 
lateral rotatory nystagmus was present. The 
iips showed desquamation, and the Piginented 
skin was noted to be most prominent over the 
left mid-abdomen. Tests for Addison’s discase 
were negative. Biopsy of the skin did not show 
hemosiderin deposits. The basal metaholic 
rate was minus 1 per cent. Special oblique studics 
of the lumbar vertebrae showed no abnorinality, 
although she now had a completely rigid 
“poker” spine. A plaster jacket was-applicd from 
the groin to the axilla with considerable relief. 
At the time of discharge on November 11, 1947, 
she still had a two-fingerbreadth enlargement of 
the liver, 

Five months later, April 6, 1948, she had a 
muscle biopsy at hospital “E." Microscopic see- 
tions failed to reveal lyinphoid infiltration. ‘The 
following month she was readmitted hecause of 
multiple severe joint pains and inability to walk 
Straight. The physical - examination showed 
diplopia on lateral gaze, Himited chest cxpansion, 
drooping right shoulder, elevated right hip, 
shuMing gait, bilateral hip limp, rigid hack, 
generally limited joint motion, trunk inclined 
forward and flexion contractures of the knees 
and hips. X-ray sidies were read as showing 
incomplete fusion of the bodics of the fourth 
and filth cervical vertebrae, am ankylosing proc- 
ess of the upper dorsal spinc, a slight list of the 
lumbar spine to the left without evidence of an 
arthritic process, and moderate arthritic changes 
in both sacroiliac joints. 

The following were described as radiograph- 
ically normal: chest, right shoulder girdle, both 
hips and right knee. Laboratory studies revealed 
an elevated sedimentation rete and increased 
blood alkaline Phosphatase. The patient was 
treated with orthopedic measures and discharped 
to the ouipatient department for continued 
physiotherapy. The discharge diagnoses were 
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Fro. |. A and B, patient at time of admission. Note bulge in right temporal area. 


Marie-Striimpell arthritis and generalized in- 
fectious arthritis. 

During the next five-year period she was 
treated by chiropractic and ostcopathic methods 
with no improvement in her status. Bonc pains 
had increased and disability was more marked. 
She continued the use of vitamin A in doses of 
500,000 units daily. 

She first came under our care on February 5, 
1953. We were aware of reports dealing with the 
toxic effects of vitamin A and Suspected that 
our paticnt’s illness couid be on this basis. 
Accordingly, blood was drawn and examined for 
vitamin A content. When this was found to he 
unusually high, hospitalization was advised, 

She was admitted wo the Jewish Hoxpital of 
‘Srooklyn on Kelwuory 12, P05, Teeesecane ool 
Progression of the complaints for which she linet 
- ybeen previously haspitalized. In the past five 
years she had lost 20 pounds as a result of 


anorexia, severe diffuse pruritus and inability to 
slecp because of pain. 

Examinatlon revealed an alert, cooperative, 
intelligent female in constant pain aggravated 
by any attempt to change her position. (Figs. 1A 
and B.) The blood pressure was 110/70, pulse 
90 and respirations 18 per .inute. The right 
sultemporal dccompression was tense and 
bulged markedly. Her pupils were round, regu- 
lar, equal in size, and reacted to light and ac- 
commodation. Neither diplopia nor nystagmus 
was present. The fundi were normal. The 
mucous membrancs of the mouth were normal. 
Many tecth were missing but those remaining 
were normal, No adenopathy was present. ‘The 
thyroid yhand was not palpable, “The leases 
Were nora, The lings were clear ta eceetenniony 
ond sescultation and the heart was noraal, No 
abdominal masses or organs were palpable. 
Rectal examination was negative. The results of 
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neurologic examination were as follows: cranial 
Herves intact; cerebellar tests normal, sensory 
and motor systems intact: reflexes equal through. 
out except for the right knee jerk which was 
greater than the Ieft; no pathologic reflexes, 
Dermatologic findings were: thinning of scalp 
hair, axillary hair and eychiows; nails normal; 
skin diffusely Pigmented, coarse over most of the 
body, but dry, Shiny and somewhat atrophic with 
associated loss of lanugo hair over the arms and 
legs; elbows keratotic and scaly; palins and soles 
scaling, with deeply marked furrows and dried 
blebs; many scratch marks throuchout. Ortho- 
pedic examination showed: femporomandibular 
joints and facial muscles norinal; neck move- 
ments normal in range and Strength; spine fixed 
in extension althouth tilted forward and slightly 
to the left, without tenderness but painful on 
motion; extreme paravertebral wastiny; ily 
cage fixed and tender on compression; right 
shouldes painful on clevation to 90 deerces and 
fixed after 110 degrees; elbows, wrists and fingers 
norinal; left hip relatively normal; right hip 
painful with limitation of terminal 30 degrees of 
extension and 50 deerees of abduction; the fect 
showed fixed hallus valgus. 

Laboratory studics were as follows: hemo- 
globin 74 to 81 per cent (15gm. = 100 per cent); 
red blood count 3.7 io 4.4 million; white blood 
count 6,400 to 7,400; polymorphonuclears 64 
per cent, bands * per cent, lymphocytes 31 per 
‘€ent, monocytes 2 per cent, cosinophils | per 
cent, basophils 1 per cent, platelets adcquate; 
hematocrit 42 per cent. Bone Marrow aspiration 
normal; mycloblasts 5 per cent, neutrophilic 
myclocytes 9 per Cent, cosinophilic myclocytes 
0, metamelocytes 38 per cent, staff forms 39 per 
cent, polymorphonuclears 6 Per Cent, cosinophils 
3 per cent, megakaryocytes adequate, granulo- 
Cyte: polymorph ratio 91 193 Sranulocyte :eryth- 
rocyte ratio 90:10; red cell sedimentation rate 
22 mm./onc hour; bleeding sime two minutes; 
clotting time three minutes fiftcen seconds: 
urinalysis, specific Sravity 1.022, albumin 0, 
sugar 0, microscopic examination Negative; 
basal metabolism, plus 12 and plus 10; electro- 
Cardiogram within normal fimits. (Sce Table 1 
for chemical determinations.) 

The results of X-ray Cxamination were as fol- 
Jows: Skull: right sultemporal decompression 
with tantalum Plate in situ; slight thinning of 
‘vault of skull; slivint hyperostosis frontalis 


w= -interna. Shoulders: thinning of wings of scapulae, 
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more marked on left; thin rim of calcification 


paraticl to rim of gienoid fossa. Ribs: normal. 
Dorsal spine: narrowed intervertelral Spaces 
with thinly calcified anterior spinal ligament; 
moderate decalcilication of vertebral hori-~ - 
pedicles and iaminae *atact; interpedicular . 


distances normal. Lumar spine: straightened | 
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50°, Viasma 21.8 sec. 
33% Piosme W.S sec, 
16.5$¢ Plame 59.3 sec. 
* Miliigeams per 100 mi, 
T Kodansky wai, 


URING DZTZAMINATIONS 


(Tavaty-fow-houe Excretion) 
enemies remains smebeatinuacsuesee a gaa-y 
300 me.) 


726 ong./1,260 onl. 


916.5 ong. /1,180 ani. 
876 mg./1,260 mi. 
652 ong./1,180 mal. 


lordotic curve; moderate decalcification of 
vertebral bodics; intervertebral spaces normal; 
minimal spur formation at anterior aspects of 
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Fin, 2. A, anteropusterior roent 
L overlying these structur 
changes exist in the 
oblique roentgenog 
arrows indicate the 


upper lumbar ‘vertebral bodies; apophyscal 
Joints narrowed, with loss of definition of their 
articular surfaces; moderate calcification of 
ligamentum flavum; slight calcification of 
iliolumbar ligaments. (Figs. 2A and B.) Pelvis: 
sacroiliac joints noMAnal; pelvic inlet distorted 
because of inability of paticnt to assume recum- 
bent position; calcification in Pcriosteal cleva- 
“tions and probable bone formation in lateral 
aspects of both iliac hones just above acctalular 
sockets; calcification in capsule of hip joint at 
insertion into superior rim of acctaluluin bilater- 
ally; similar but lesser degrce of calcification in 
inferior aspects; shayey appearance of ascending 
ramus of right ischium; a single Spur-like projec- 
Aion of ascending ramus of leit ischium and of 
lesser trochanter of right femur. (Fig 3.) Hands: 


; cl normal. Feet: nvrmal. Knecs: calcification at 

: A —neenatens aetna an. nate - anterior tibial dubereles and anterior inferior 
ts Pg se ange ve edd acs CA ee aspects of patellas bilaterally; local thickening at 

~ cilication in articular capaule (i8) are indicated hy the upper medial aspect of lef tibia; bony densities 
repective black arrows, ; not disturied. (Fig. 4.) Os calcis: Caicification at 
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insertion of achilles and plantar tendons 
bilaterally. 

Skin biopsy from the mid-abdomen showed 
moderate hyperkeratosis with thickening of the 
granular layer which contained foci of dyskerato- 
sis as evidenced by marked vacuolization of the 
cells; dense hyperpigmentation of the basal layer 
with intracellular melanin involving some of the 
overlying cells of the prickle layer; normal 
corium. ‘The diagnosis was hyperkcratosis with 
pigmentation. i 

Bone biopsy from the right tibial tubercle 
showed broad osscous trabeculae which in places 


_ presented calcification of the cartilage, thicken- 


ing of the periosteum and normal marrow spaces. 
(Fig. 5A and B.) The diagnosis was calcification 
in cartilaginous tissucs with thickened periostcum. 

Iminediately after the patient was admitted to 
the hospital all vitamin A medication was 
stopped and she was given a normal hospital 
dict.* Within two and a half weeks her itching 
had disappeared and there were no further 
evidences of scratch marks. At the end of onc 
month her skin texture had improved, her bone 
pains were markedly diminished, her appetite 
was excellent and she had gained weight. Six 
weeks after admission she woke one morning with 
marked dizziness and diplopia. There was no 
headache. Nystagmus was present on lateral 
gaze. The fundi were normal. Her diplopia 
gradually receded and was completely gone by 


* the end of one week. Two months after vitamin 


A medication had been stopped, all spontancous 
pain had gone and no further sedation wac 
needed. Her posture had begun to improve. 
During her stay she had three normal men- 
strual periods occurring at monthly intervals 
and lasting five days with a normal flow. Her 
improvement was continuous and she was dis- 


_charged on April 26, 1953. 


COM::<NT 


/ 
Hypervitamin=.is A may result from the 
ingestion of large amounts of vitamin A con- 
centrates taken alone or in combination with 
other vitamins or mincrals. Large doses of 


“vitamin A are uscd in the treatment of skin, 


eye, renal, gynecologic and car disorders as well 
as the conunon cold. The minimal daily require- 
ment of vitamin A is 5,000 te 7,000 international 
units. Tn the usual dict this requirement is 
derived frum both vitamin A and its precursor 


* 7,500 units of vitamin A daily. 
may, 1984 


4 : : . 
Fro. 4; Lateral reentgenogram of left knee. White 
arrows point to calcilication in infrapatellar ligamenk. 


carotene, which is converted in the intestinal 


wall and possibly elsewhere, into vitamin A.2-3 . 


The conversion of carotene to vitamin A is 
limited and may not provide sufficient vitamin A 


to maintain the patient during stress.?* Morc- 


over, there is evidence to indicate that the con- 
version of carotenc to vitamin A is impaired in 
some diseases, such as diabetcs.??-** 

Vitamin A is absorbed as the free alcohol and 
is esterified in the intestinal wall. Following 
vitamin A intake the rise in scrum levels is duc 
to the ester fraction, most of which is then 
deposited in the liver as such.*"-** Vitamin A 
alcohol levels arc not directly influenced by 


"ingestion. The vitamin A alcohol level scems to 


be a measure of vitamin A storage.** In severe 
infection, in hepatocellular disease and in 
vitamin A depletion the plasma vitamin A 
alcohol level is usually low. The normal vitamin 
A blood level is 30 to 70 wg. and may rise to 
1,000 to 2,000 yg. soon after the ingestion of 
very large doses of vitamin A. This is a temporary 
state and dues not alter the subsequent fasting 


_ devel. 


The fasting level of 2,060 py. per 100 ce. in our 
patient is the highest reported in man. Unlike 
such high levels observed following administra- 
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Fia. $, Right tibial tubercle biopsy. A, note the marked periosteal thickening; B, note the calcification in the carti- 


laginous tissue. 


tions of vitamin A, most of the blood vitamin A 
Content in this patient was in the form of the 
free alcohol, not as ester. This high percentage 
of vitamin A alcohol with high total blood levels 


of vitamin A has been observed in a child 
reported by onc of us.” There is a possibility 


., that not only the total vitamin A but the rela 


tively high percentage of alcohol has significance 
in the diagnosis of hypervitaminosis A. In the 
Previously reported adult cases the vitamin A 
level was 60 blue units® in one and unrecorded 
‘in the other, 
The high vitamin A blood level of our patient 


~. was the result of continued daily ingestion of 
’ vitamin A for cight and onc-half years. After four 


months of taking 25,000 units daily, she in- 
creased her dosage to 50,000 units and then 


.. Fapidly to 500,000 units daily. On occasion, an 


additional dosage of 500,000 units was taken. 
The preparations of vitamin A which she had 
taken were stated by their manufacturers to be 
. free of vitamin Df 
During the course of this study, we had the 
*.Nurmal © 10 to 20 blue units, 


Opportunity of examining the blood of four 
other patients who had taken large doses of 
vitamin A over prolonged periods of time. While 
we Cannot be certain that hlood levels are a 
good index of vitamin A storage, they may be an 
index of toxicity since the transfer of vitainin A 
in the body is related to blood levels rather 
than to the total amounts of vitamin A stored. 
Onc patient had taken 25,000 units daily for 
three years, then 25,000 to 50,000 units jor the 
next three ycars, and finally 50,000 to 100,000 
for two ycars. Her fasting blood level was 120 
g. per 100 cc. Another patient who consumed 
Letween 25,000 and 50,000 units daily for six 
years had a fasting level of 88 ug. per 100 ce. A 
third patient took 25,000 units daily for six 
years and had a normal fasting level of 60 Kg. per 
100 ce. A fourth patient who tuok 50,000 units 
daily had a fasting level of 225 yg. per 100 cc. 
after cight months. Only the first and Jase pa- 
tients had any complaints referable ww possible 
vitamin A toxicity. Both had headaches which 
subsided soon after they stopped vitamin A 
therapy. It is apparent that individual factors 
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“ that will produce coxie eilecis. 
oN Daily vitamin A plasma levels were detere 
int mined during the cleven weeks of hospitalization 
to observe changes in the hlood levels while the 
ue patient was on a normal hospital dict. (Fig. 6.) 
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greatly affect the size and duration of the dase 


: GIs na sce oa 


739 
the alcohol, ester or total vitamin A level in the 
blood is the best easure of Vitamin A storage, as 
we did not attempt to assay the liver or other 
tissues for vitamin A content. We are unable to 
explain the change in scrum vilamin A alcuhol- 
ester relationship in the light of present concepts 


CORTiSONE 
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. ‘i "4 6 10 80 22 86 86 fe 4 Sores od oe 8 es 
. €8 ‘ APR 
\ —— TOTAL VITAMIN's’ 
. = = VITAMIN'A' ALCOHOL, 
: : ocooVITAMIN'A’ ESTER 
: Fio. 6. Vitamin A blood ievels during first ten weeks of hospitalization. . 


wc. Vitamin A Partitions into the alcohol and ester, 
w= together with the carctene level, were followed 
a= daily. Apart from the admission hlood carotene 
.«° level of 360 ug. per 100 ce., all carotene levels 
-r were between 180 and 290 Hg. per 100 cc. 
.<. (normal 54 to 310). At the onset the vitamin A 
» . levels, while extremely high, maintained the 
-a= Fatio of 20 per cent ester to 80 per cent alcohol. 
was Immediately after Stopping the vitamin A intake, 
a+ there was a precipitous fall in the total vitamin A 
, *- devel, which reflected a parallel fall in the vita- 
-=<-min A alcohol. (Vig. 6.) However, during the 
aevdirst week while the alcohol fraction was falling, 
»s: the ester fraction showed a very marked rise sy 
r#-that the ratio of ester to alcohol became re- 
eerversed, This reversed ratio persisted. 
«* We cannot establish from this study whether 
~watay, 1954 


of vitamin A metabolism, Is the vitamin A now 
being transported from the liver to the tissuc in 
the forin of ester? Has excess vitamin A in ester 
form heen deposited in depots other than the 
liver, and is it now being “released to the cire 
culation in this esterified form? This would be 
Consistent with the disappearance of hepatic 
enlargement. While the patient presented 
‘hepatomegaly during a six-inonth period, it was 
not present during the latter years of her illness 
in spite of continued excessive intake of vitamin 
A. This would not he expected if liver enlarge. 
ment is considered an expression of vitamin A 
deposition. Repeated labovatury studies during 
her illness showed no evidence of impaired 
liver function, even when hepatomegaly w-- 
present. While liver enlargement has heen found 
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frequently in children with vitamin A tonicity, it 

has not been noted in the previously reported 

wlults. Splenomegaly, which Was present in 

Josephs’ case, was found in Our Case at one time, 

Vitamin A tolerance tests Carried out with 
half and full doses revealed no deviation from 
the normal, They showed the rise ty he in the 
ester form while the alcohu! fraction remained 
relatively unchanged, 

Josephs"? observed that a rise in serum 
lipids occurs carly in the course of vitamin A 
toxicity, oniy to return to normal in spite of 
Continued massive dosage. In our case the blood 
lipids were normal. 

Alkaline phosphatase studies made while the 
patient was under our observation were ree 
peatedly normal. However, six years before, 
elevated levels were found for a period of more 
than one year in two dierent hospitals. This 
finding is in agreement With the elevated levels 
found in many of the cases reporied in children. 
"This increase in scrum alkaline phosphatase is 
Probably associated with an increase in bone 
metabolism. In a previous adult case no altcra- 
tion in the serum alkaline phosphatase was 
Noted. 

There has been interes: in vitaniin A as an 
agent in the prevention of renal calculi. In 
nephrolithiasis urinary citric acid tends to he 
low, and it has been observed that aqueous 
‘dispersions of vitamin A May Cause a rise in the 
urinary citric acid Jevel with possible resulting 
increased solubility of calcium, Stoncs.4* We 
undertook siudics of the blood levels and urinary 
exerction of citric acid, calcium and phosphorus. 
These blood findings were repeatedly within 
upper normal limits, as were the urinary excre- 
tion of citric acid and Phosphorus, beth in 
twenty-four-hour total output and concentra. 
tion. However, the calcium exerction in the 
urine was markedly increased in both concentra- 
tion and amount. 

Rodahl* found that animals with experi- 
mental hypervitaminosis A showed low ascorbic 
scrum levels and decreased amounts of ascorhic 
acid in the adrenals and liver. Muore and 
Wang" were unable to confirm this finding, 
Gribetz et al. did not find evidence of vitamin C 
deficiency in their studies and our paticnt had a 
normal vitamin C thlood level. There were 
no Clinical manifestations of scurvy, 

Studics were made to determine the effects of 


ine+.struation, starvation, large amounts of 


' 
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alcohol, cortisone and operative prucedures upon 
the total blued vitamin A levels as well as upon 
the alcohol and ester fractions, 

It has been observed that normal women have 
a cyclic change in the scrum vitamin A level 
which reaches a minimum at the time of men- 
Struation and a maximum between menstrual 
periods."* This variation was not noicd in our 
patient, who failed to show any apprccial. Je 
change in relation to the menstrual cycle. The 
toxic levels exhibited by our patient could well 
have masked the slight changes noted in normal 
women with norma! blood levels, 

On two consccutive days the Paticont was 
given a pint of wine in addition to her regular 
dict. No influence on the vitamin A level was 
neied. Likewise, no appreciable effect was 
noticed after short Periods of starvation. Because 
of the report that cortisone causes depletion ir 
the amount of vitamin A present in the liver 
of the rat, our paticnt was given cortisone in 
Coscs of 300, 200, 100 and 100 ig. consecutively 
for four days.*! No Significant changes occurred 
in the vitamin A levels. This docs not mean that 
the vitamin A stores Were not affected. It would 
be of interest to oi:serve the effect of cortisune in 
A Ppaticne Presenting acute symptoms of hyper- 
Vitaininosis A, 

Biopsy of the tibial tubercle was performed 
under intravenous sodium Pentothal anesthesia. 
There was a scventy-two-hour rise in the 
level of vitamin A‘ from 350 Mg. to a peak of 
490 ug. This was due entirely to an increase 
in the ester fraction. During the following 
Seventy-two hours the esters returned to their 
previous level. The alcohol fraction, which had 
remained unchanged throughout, rose markedly 
on the fifth and sixth Postopcrative days and 
then fell to the Previous level. This vitainia A 

must have come from the body stores and it is 
interesting to note thai the original rise was in 
the ester rather than in the alcohol fraction. 


NEUKOLOGIC CONSIDERATIONS 


There is much evidence to indicate that 
Vitainin A Poisoning may produce intracranial 
disturbances, '#-16.16 In infants massive doses of 
vitamin A resulted in a inarked increase in the 
Cerebrospinal fluid pressure with bulging of the 
fontanelle. Cerebral manifestations such as 
severe headache, nausea, vomiting, dizziness, 
drowsiness and irritability are seen in adults 
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Who receive massive doses of vitamin \,2.010.10 
Both Gribetz and Arena have reported enlarge. 
ment of the head in children with chronic 
hypervitantinosis A, In cach instance there was a 
return to normal following withdrawal of 
vitamin A medication, In the case reported by 
Bifulco headaches Played a prominent pare. 
Since the headaches were associated with 
bilateral pulsating exophthalmos, Bifuleu's pa- 
tient was hospitalized for cerebral angiography 
Which failed cg disclose the Suspected ancurysim, 
At the time of his report the exophthalmes had 
Completely receded although pulsation of the 
right eye -Persisted. The exact Nature of this 
Mechanism is not apparent. However, the 
absence of an ancurysin, the recession of the 
exophthalmos, and the disappearance of the 
Pulsation of the left eye since the withdrawal of 
Vitamin A indicate a causal relationship, 

In the case here reported the Primary mani- 
festations were headache, blurred vision, di- 
Plopia and nausea. ed to a diagnosis of 
scrous meningitis, a Condition of increased 
intracranial Pressure Considered to he due to 
thrombosis of the dural venous sinuses second. 
ary to infection or, 
times there h 
the condition 
Ported d mainly in 
young people with a history of infection of the 
iniddle car or mastoid. When our Paticnt was 
first seen by us the subtemporal decompression 
which had been done to relieve the suspected 
Scrous ineningitis was sull tense and bulging. 
Ten weeks after the excessive vitamin A intake 
Was Stoppcd, the decompression was completely 
soft. If she is to he Considered to have had Scrous 
meningitis, vitamin A toxicity must he added to 

‘the causes of this Condition. We have no knowl- 
edg 


* €reased absorption o 


vit 


vitamin A excess was 
Stopped. The transient episode of diplopia and 
aystagmus that occurred during her hospital 
Stay took place while her blood level was 
444 wy. (more than seven times Norm!) and 
therefure while she was sull expericncing Vitamin 
-A toxicity. ‘The decompressies; Aas remained 
-80¢ and no further cerebral Maniicstations have 
-eccurred since her discharge from the hospital. 


- May, 1954 


“ subpcriosteal Structures. 


SKELETAL MANIFESTATIONS 

Our case: is the only adult: yer reported to 
demonstrate bone changes, Although bone pains 
and disability were present in both Previously 
reported adult Cases, no x-ray changes were 
noted in the one case in which they were sought. 
Radiologic findings in our Patient were present 
in the dorsal and lumbar spine, pelvis, femora, 
patellac, tibiae, os calcii, seapulae and skull. 
The fundamental disor’or consisted of calcifica. 
tion, with or without truce bone formation, of 
the Pericapsular, ligamentous, tendinous and 
Also noted were de- 
calcification in the skull, scapulae and Vertebral 
bodies. The Pcriostcal changes were the sarc 
a8 observed in the cases of hypervitaminosis A in 
children. The hone changes were far more 
catensive, however, Probably due to the longer 
period of toxicity. Biopsy of the bial tubercle of 
Our patient showed thickened Periosusem With 
secondary calcification. These findings are 
similar to those of Riicherg and Gross whose 
biopsy of a child's fila “showed a Strip of newly 
formed, Poorly c-icified hone of Coarse filbered 
Structure such as is usually seen in ordinary 
Productive perigstitis."" Six months after vitamin 
A intake was Stopjsed the child's X-rays showed 
the subperiosteal calcification to have completely 
disappeared. 

Except for those Changes found in the Spine of 
our patient, no similar alterations are demon- 
strated by any other discase. The Spine changes 
had heen diagnosee as Marie-Striimpell arthritis 
during a previcus hospitalization elsewhere. In 
Our opinion there are marked differences be. 
tween the two conditions, In Maric-Strampell 
arthritis the sacroiliac joints are usually involved 
early and Progress with the discase; the antcrior 
spinal ligaments show extensive calcification; 
there is progressive Ostcoporosis of the vertebral 
hodics; Calcification of the ligamenta flavac is 
absent; ard clinical improvement occurs slowly, 
if at all, with therapy.** On the other hand, in 
hypervitaminosis A we have noted that the 
sacroiliac joints are Spared; that only minimal 
Calcification of the anterior spinal ligament 
occurs; that there js only ininimal dccalcifica- 
tion of the vertebral bodies; that the ligamenta 
flavac are calcified; and Probably mast impors 
(ant, clinical improvemer,, is marked and rapid 
Upon the discontinuance of excessive vitamin A 
intake, , i 

The marked decalcification of tne scapulac 
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may he related to the high exerction of calcium 
in the urine. This in turn may be the result of 
hypervitaminosis A or inactivity. 

Studies made in our paticat at the time of 
discharge from the huspital revealed ne ra 
diologie improvement in spite of her marker 
clinical improvement. It is known that in 
children there is reversibility of the hone find 
ings although these lag far behind the disap- 
pearance of symptoms. It is too carly to know 
whether a similar return to normal will occur 

‘in our case. 

The mechanisms that are responsible for the 
bone changes in our patient arc uncertain. 
Wolbach** found acccicration of epiphyseal 
cartilage cell growth and maturation of the 
remodeling processes involved in bone growth 
in the course of his animal experimentation with 
hypervitaminosis A. There was accelerated 
periosteal bone formation in some areas whereas 
in others there was accelerated resorption of hone 
with ostcoclasis. He found no cause for these 
changes in the parathyroids, thyroids, adrenals 
or pituitarics of his animals and concluded that 
the changes were probably due to 4 jacal vitamin 
A effect. Fell and Mellanby*? subsequently 
demonstrated by means of tissue culture that the 
changes in bone were a direct effect of vitamin A 

locally. In our case the high blood level of 
vitamin A would favor the (ransportation of 
larger amounts of vitamin A than would other- 
wise occur. 


DERMATOLOGIC MANIFESTATIONS 
Dermatologic reactions to excessive intake of 


‘vitamin A have been reported consistently in 


hoth the acute and chronic states. Polar cx: 
plorers who ate bear liver had pecling of the 
skin as carly as two days after the high vitamin 
A repas:. Associated with other symptoms and 


. Signs of toxicity in animals were skin lesions — 


which ranged from disheveled fur to alopecia, 
seborrhea, exfoliation, hemorrhagic dermatoses 
and dry, cracked mucous membranes, 

In the chronic intoxication of humans, pruritus 
is an carly and often sev. ere-symmptom, Fissuring 
and sorcness at the corners of the mouth may 
appear and disappear in spite of continucd use of 
vitamin A. Coarsening of the skin and alopecia 
are reported by almost all oliservers. Lass of 
the fine lanuge hairs of the extremitios is. alse 
occasionally noted. Pigmentation of localized 
areas of skin was noted first by Sulzberger and 
again by Hifulco. In our patient pigmentation of 
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same arcas of skin was su marked that Addison's 
disease had been considered. 

Our patient had suffered all of the skin mani- 
festations cited during the prolonged course of 
her illness. Because disease of the skin was the 
initial reason for vitamin A therapy, the chanyes 
that took place during the course of toxicity were 
overlooked. Pruritus and thick, scaling, cracking 
palmar skin were the most distressing derma- 
tologic manifestations of vitamin A toxicity, 

The mechanisins responsible for the skin 
manifestations are far from clear. As to the 
Pigmentation in our patient, we believe that it 
was probably secondary to the continued trauma 
of severe pruritus. The pigmentation was most 
marked over the abdomen and back where 
scraich marks were most evident during the 
early days of her Jast hospitalization. Biopsy of 
the skin of the abdomen showed hyperkeratosis 
and marked pigmemation. 

Sulzberger considered hypuvitaiminosis A and 
hypothyroidism in the differential diagnosis 
because of the similarity of their derinatologie 
findings to those of hypervitaminosis A. That a 
definite antagonisin exists between vitamin A 
and thyrotropic hermone has been established 
by animal experimeniation.** In our patient 
two basal metabolic determinations made in the 


"early days of her present hospical admission were 


recorded as plus 12 and pius 10. However, dur- 
ing this period the bone pains were so severe 
that one could question whether she was in a 
truly basal state. The protein-bound iodine was 
repeatedly lower than normal during the present 
hospital admission. The radio-active iodine 
uptake three werks after discharge from the 
hospital was normal. Our case does not sul 
Stantiate or deny the thyroid relationship found 
in experimental studies with vitamin A. 

Two and a half weeks after withdrawal! of 
vitamin A excess, pruritus had completely disap- 
peared. In one month the texture of the skin 
had improved. In two and a half months, lanugo 
hairs reappeared, the eyebrows became heavier 
and the scalp hair was more profuse, Pigmenta- 
tion was not altered. 


HEMORRHAGIC MANIFESTATIONS 
Hemorrhage is a prominent feature of vitamin 
A intoxication in animals-and often leads to 
death even inthe absence of trauma, ‘Mhe 
litmorchiyges were shown hy Lighe ot al.*? to be 
the result of hypopruthrumbinemia and were 
controlled by the simultancous administration 
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~vaf vitamin K. No consistent hemorrhagic phe- 
*smomena have been observed in children al- 
<=hough sporadic instances of epistaxis were 
.wmoted. The child reported hy Josephs had a 
“> nost-tonsillectomy hemorrhage. No abnormal 
=: nleeding was found in the adult patient reported 
=: ty Sulzberger, while Bifulcu'’s patient had a 
sPsevere hemorrhage following dental extractions. 
tz These were empirically treated with vitamin K 
‘cand the bleeding was controlled. There were no 
cyatudics to ascertain the mecharism for these 
s=memorrhaces. In our patient there were no 
==memorrhagic manifestations. Her menstrual 
*. tycle was consistently normal, and she under- 
=. went dental extractions, bune biopsy and skin 
f == 2iopsy without excessive bleeding. Studies of 
F===rothrombin levels, prothrombin consumption, 
2-ood plawicts, biceding and coagulation time 
+ were all normal. 


SUMMARY AND CONCLUSIONS 


zt. A case of chronic hypervitaminosis A in a 
sTmwenty-eight year old white femsz!e is described. 
=. Over a period of cight and a half years she was 
=snospitalized ten times because of complaints 
‘woreferable to vitamin A_ intoxication. Many 
sa-diagnoses had been made, including brain 
f=2Aumor, serous meningitis, chronic encephalitis, 
= viral radiculucncephalitis, psychoncurosis and 
= -rencralized infectious arthritis. Her bizarre 
==Zlinical picture ied to additional investigations 
ss 10 exclude Addison's disease, dermatomyositis 
<zazand hepatitis. In an cffuct to provide symptomatic 
t>-crelief many measures had been undertaken. 
+. These included a subtemporal decompression 
=: dor the relief of increased intracranial pressure, 
t= he application of body spicas, fever therapy, 
s=zadiotherapy and physiotherapy. During this 


iu: vitamin “A becaus? of the supposed beneficial 
= UMects on “ichthyosis” of the skin. 

es When the clinical diagnosis of hypervitamino- 
i. wis A was finally proposed, a fasting vitamin A 
z~ dlood level of 2,000-us. per 100 cc., the highest 
=mever recorded, was disclosed. 

=. Daily estimations of the total vitamin A, in- 
=>: thuding the free alcohol and ester fractions, were 
=smade over a period of two and a half months. 
=. Theinfluence of menstruation, surgery, cortisone, 
<= .starvation and alcohol consumption was noted. 
sr Stimulated hy previous reports concerning the 
=. Telationship of vitamin A to nephrolithiasis, 
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determinations of the bland levels and urinary 
excretion of calcium, phosphorus and citric acid 
were made. Blood analysis for phospholipid 
phosphorus, total fatty acids, and total lipids 
were carried out beeause of their role in vitamin 
A metabolism. Bloud carotene levels were 
studied to emphasize their independence of the 
vitamin A levels attained by the ingestion of pure 
vitamin A. 

The clinical manifestations of chronic vitamin. 
A toxicity are reflected in the ncurulogie, 
skeletal and dermatologic systems. Persistent,! 
severe headache with visual disturhances in the! 
absence of focalizing neurologic signs may occur. 
in hypervitaminosis A. This is the result of 
increased intracranial pressure due to excessive 
production or deereased absorption of cerebro- 
spinal fluid. In our patient a subtemporal 
decompression had* been performed elsewhere 
after a diagnosis of scrous meningitis had been 
made. | 

Bone pains are usually present in chronic 
vitamin A_ intoxication. X-ray evidence of 
bone involvement has not been previously 
described in adults. In our case x-ray and bene 
biopsy studies indicate that the fundamental 
disturbance consists of calcification with or 
without true bone formation in the pericapsular, 
ligamentous, tendinous and subperiosteal. tissues. 
The pain and the progressive crippling de- 
formities in our patient had been previously’ 
considered the results of generalized infec- 
tious arthritis. The differences between Marie- 
Strampell arthritis and vitamin A toxicity are 
discussed in detail. 

The dermatologic manifestations of vitamin A 
toxicity include pruritus, fissuring and soreness 
at the corners of the mouth, coarsening of the 
hair with alupecia, loss of the fine lanugo hairs of 
the extremitics and pigmentation. 

Hemorrhagic manifestations during vitamin A 
toxicity have been considered by others to be of 
clinical significance. Our patient failed to show 
any hemorrhagic tendencies. Laboratory studics 
likewise showed no disturbance in any of the 
factors related to the clotting mechanism. Be- 
cause of intercst in the relationship of vitamin A 
to thyroid activity tests were made of the basal 
metabolism, protein-bound iodine and radio- 
active iodine uptake. These showed no con- 
sistent pattern of altered thyroid activity. 

Clinical improvement in the neurologic, 
skeletal and skin manifestations wok - place 
rapidly upon stopping excess vitamin A intake. 


Om Oe Ot oe GB O8Rs ee 6 ermees + 


PN O00 ge we CO ee mem tems 


ee eo ee 


~ece er o 


TPL LS SS See OMSL AO EN Fy ORES Wee om. Ope o* *a--eore~- 


BL EP RECO AEDT PNG PG gO oh Oy 2... orewene nteooms mencage 


ST are cree tO pep. 


eerewererey 


tla owe 
‘ee thee te 


BS are AB re BGs oie 


e 


This rapid response is a most important point in 
the diflerential diagnosis. 

Treatment with massive doses of vitamin A 
how reconinended in many clinical conditions 
must he reviewed from the standpoint of poten- 
tial toxicity. If these large dases are to he used, 
fest periods should be instituted and deter. 
minations of the vitamin A blood level made. 
Self-medication with vitamin concentrates con- 
taining large doses of vitamin A is a common 
occurrence due to the general belief hy the laity 
that vitamins improve health and increase 
resistance to infection. 
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PATHOLOGY 

Biopsy has been done in 2 cases, and has shown 
thickening of the periosteum with secondary 
calcifeation, Tn rats"? excess vitamin A has been 
shown to cuuse acceleration of periosteal prolif. 
eration, rapid constmmption of gains} Care 
thoge and remodehug of bone attended by os. 
teochisis. Hemorthages?* are common in. vita- 
min A Pobening th womals, but are bncommon 
in humans, They are due to hyvpoprothrambin- 
emia, 


CASE HisTORY 


oa 20-mentheokd white male, was first seen Aaguat 
1932. beeause of sratalalite. His birth weight vas 
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IEYPERVITAMINOSIS A 
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J. D. PICKUP 
From Wakefield General Hospital 


(RECEIVED 10R PURLICATION FEARUARY 28, 1956) 


Since Josephs (1944) first described hy per- 
vitaminosis A there have been numerous cases 
reported in the American literature, notably by 
Toomey and Morissette (1947) and by Caffey (1950 
and 1951). Ne record of such cases has been 
traced in the British literature and so the occurrence 
of two examples <7 this condition is thought to be 
worthy of record. 

Case Reports 


Case}. R.P., 4 boy of 6 years, was admitted to the 
Walcfield General Hospital on March 9, 1955. He had 
had frequency of micturition and nocturnal cnuresis for 
twowecks. This was followed by vomiting and anorexia 
for one week. Then he developed pain in the arms, legs 
and forchead of such severity as to prevent him from 
sleeping. He was thought to have lost weight during 
the previous three weeks. 

Xeroderma had been diagnosed at the age of $ months 
and had been treated by ointment until a dermatologist 
prescribed ‘avolcum’, a dram b.d. This was continued 
untit six weeks bfore admission when the dose was 
increased, probably by the mother, to ‘avoleum’, diaums 
2 b.d. Mt was estimated that the intake of vitamin-A 
over the six weeks before admission was about 463,040 
iu. per day. 

On admission the child was ill and fretful with a 
temperature of 100° F. The skin was salmon pink and 
scaling. The lips and nasal mucocutancous junctions 
were cracked and bleeding, and very sore. The arms and 
kegs were cxtremely tender to the lightest touch, sub- 
Culancous tissucs were swollen, most markedly over the 
libine. The liver and splcen were both enlarged three 
fingcerbreadths below the costal margin. There was a 
bilateral conjunctivitis. 

During the first week in hospital the skin became more 
scaly and the paticnt continued to complain of paia 
in the upper limbs atid back which caused difficulty in 
Sitting. Oedema of the face developed on March 13. 
The temperature dropped to normal by the end of the 
week. 

A radiograph of the chest was normal (March 9). 

On March 10 the hacmogiobin was 93%, and the total 
white blood celi count 10,690 per c.mm. (neutrophils 
@%, lymphocytes 38%, monocytes 2°). The E.S.R. 
was 17 mm. in onc hour. The Manioux test (1: 1,000) 
was negative. 

On March 11 the blood cholesterol level was 316 mg. 
Per 100 mi, i 


On Marci: 12 albumin + was found in the urine, and 
also occasional hyaline and granular casts and very 
occasional pus cells. 

On March 1S the cerebrospinal fluid was normal. The 
blood urea level was 88 mg. per 100 ml. 

During the second week the pain in the limbs and back 
subsided, and by the cnd of the weck a considec: able 
improvement in the skin was noticed, it being quite soft 
and moist. The dry, cracked lips persisted. On 
March 18 the prepuce swelled. The spleen was slightly 
sinalier. 

A radiograph of the skul! and Jimb bones on March 17 
showed norma! appearances. 

The scrum bilirubin level was 0-3 mg. per 100 mi. 

A trace of albumin and a few pus cells were found in 
the urine. “ 

On March 2! a water dilution and concentration test 
was normal. 

Thymo! turbidity was 3 units. 

The alkaline phosphatase level was 25-2 units per 
100 ml. 

The dlood carotene was 20 yg. per 100 mi. and the 
blood vitamin A, 450 i.u. per 100 mi. (normal 50-130 iu. 
per 100 mi.). 

The ocdema of the prepuce had cleared by the third 
week, and, apart from cracked lips (Fig. 1), the boy wes 
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Fig. 1.--Hypervitaminosis A showing cracked and bleeding lips. 


free of symptoms. The liver had reduced slightly in 
size, and the urine was normal. On March 26 the blood 
urea level was 40 mg. per 100 ml. 

At the end of the fifth week the hair was being shed 
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and the scalp became scaly. 
good condition. 


The rest of the skin was in 
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faa. 2. ~--iypersitaminosis A .nowing loss of hair, 


On Apr'' 4 the blood urea level was 21 mg. per 100 mi., 
and the w.ine normal. 

On Aprit 6 alkaline phosphatase was 32 units per 
100 inl., serum calcium 10-5 mg. per 100 ml. and blood 
cholesterol 187 mg. per 100 ml. 

By the end of April the boy's hair was shed in handfuls 
(Tig. 2). The shi was becoming dry and ichthyotic. 
The spleen and liver, although reduced in size, were 
still palpable. 5 

A tadiograph of the clavicle on April 25 was normal. 
The left humerus showed an arca of osteoporosis in the 
upper third of the shaft. 

On April 26 the blood cargtene level was 20 yg. per 
100 ml., and the blood vitamin A 150 i.u. per 100 ml. * 

On April 27 the blood urea level was 22 mg. per 
100 mi., hacmozlobin $0°%, E.S.R. 12 mm. in one hour. 
The total and ditlcrential white blood counts were normal. 

On April 28 the alkaline phosphatase level was 37 units 
per 100 mi. 

On May 23 the blood carotene level was 30 mg. per 
100 iml., and the blood vitamin A 90 i.u. per 100 mi. 

On May 27 the thymol turbidity was I unit per 100 mi. 
and alkaline phosphatase 26-9 units pez 100 ml. 

On August 9 the child was well but the liver and spleen 
were sti] just palpable. The skin was ichthyotic but 
the hair was growing well, 


Case 2. SW.. a girl aged 4 years, was admitted to ihe 
Clayton Hospital, Wakeficld, on April 12, 195$. The 
complaint was of anorexia and malaise, pains in the 
forehead, wrists, forearms and shins, and facial and 
temporal swelling for two weeks, There was a loss of 
weight during the same period. These had been severe 
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epistaxis and also pain and discharge irom the ear 
during the previous two days. 

The child had no previous illness apart from ichthyosis 
for which she had been given ‘avelcum’, 1 dram tds, 
(347,280 i.u. per day), from a dermatological department 
for the past two years, 

On admission the child had a temperature of 101° F, 
Ske had a scaling, patchy erythemate 1s rash on the upper 
parts of the arms and trunk. The hips were crusted and 
bleeding. There +s ocdema of the cyclids, and the 
temporal regions were so swollen that the face had a 
triangular appearance. The shins and forearms were 
tender to the lightest touch. 

The liver was enlarged two fingerhreadths below the 
costal margin. The spleen was impalpable, 

There was a bilateral otitis externa with an underlying 
Olitis media on the right side. The throat was injected. 

During the first week in hospital the general condition 
slowly improved and the teromerature was normal in five 
days. The facial and tes:rcral swelling subsided in 
three days, but the cruption bevaim: more extensive, 
covering the forearms and abdomen with erythematous 
patches (Figs. 3 and 4). The skin became dry and 
scaling and the lips cracked. ‘The tenderness over the 
iong bones became gradually less and at the end of the 
week there was only slight tenderness over the tibia. 

Treatment with penicillin cleared the car infection. 
‘The size of the liver became slightly less. 
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On April 13 haemoglobin was 78% (11-6 g.), W.B.Cs 
12,800 c.mm. (polymorphs 85%, lymphocytes 13%... 
monocytes 2",). The B.S.R. was 17 mm. micro in 
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solution. A’ chromatogram showed glucose. There 


were a fow pus cells and casts, 
A swab from the cars on April 14 yielded a heavy 
growth of penicillin-sensitive Staphylococcus aureus. 


EN ee AE ye 
ike 


ie 


2a 8 mele ee Ct 


fe 


- 


wen ek 8 da 


| 
5 
t 
Re ee 


Tho. 4.—Hy pervitaminosis A Showing macular rash in the acute stage. 


Radiographs showed that both anustoid regions 
appeared normal and a little generalized congestion in 
the chest. : 

Radiographs of the wrist and arms on April 15 showed 
increased density at the growing ends of the shafts of the 
long boncs but no actual irregularity, and no abnormality 
of the spine and clavicles. 

On April 19 the blood carotcne Ievel was 20 Ug. per 
100 ml. and blood vitamin A 700 i.u. per 100 ml. 

By the end of two weeks the child was in good general 
health. The rash and facial swelling had gone but the 
skin was dry. At the beginning of the third weck the 
hair became dry and lifeless and could easily be pulicd 
Out, and soon was shed in handfuls, only a sparse 
growth remaining. The liver was only just palpable. 

On April 26 the blood urea level was 34 mg. per 
100 ml. A three-day vitamin C saturation test: when 
125 mg. ascorbic acid was given cach diy, gave daily 
excretions of 2:1, 2-1 and §-9 mg. (normal for weight 
12:5 mg.). 

On April 28 the alkaline phosphatase was 4] units per 
100 ml., scrum phosphorus 3-9 meg. per 100 ml., scrum 
calcium 10-8 mg. per 100 ml. and serum cholesiczol 
140 mg. per 100 ml. 

iy July 12, 1985, the hair was growing. The liver and 
spleen Kee not palpable. The skin was normal, 

On review on November 11 the ichthyosis was return- 
ing; the hair was normal and the child well, 


“ 


ry 


Discussion 

Wt has Jong been known that polar bear's liver 
produces acute vitamin A poisoning. Rodahl and 
Moore (1943) found that the vitamin A content of 
the liver was equivalent to 8,000,000 i.u. in 0-5 kg. 
The symptoms produced are headache, hy per- 
irritability followed by drowsiness, desquamiation of 
the skin at the mucocutaneous junctions in 24 hours, 
with pecling of the entire skin in a few days 

Chronic poisoning due to vitamin A has been 
well described by Caffey (1950 and 1951) following 
on the carlier descriptions by Toomey and Morissette 
(1947) and Josephs (1944). 

In neariy all the cases described previously the 
poisoning was duc to excessive and prolonged 
administration of cither halibut liver oil or oleum 
percomorphum. I have noi been able to trace any 
previous record of a case duc to a pure vitamin A 
product such as ‘avoleum’. 

From the previous accounts a fairly uniform 
clinical picture can be drawn. The initial symptoms 
are usually anorexia, fretfulness and itching of the 
skin, Tender subcutancous swellings appear over 
the Jong bones and skull. Fissures appear on the 
lips and other mucocutancous junctions with 
cracking and bleeding of the mucosa. Cortical 
thickening of the long bones is usual after the 
Vitamin has been given for six to 15 months. In 
neither of the above cascs was this found, although 
in Case 2 it was thought that early changes in the long 
bones could be scen, but the appearances were not 
very convincing. 

The absence of changes in the bones in Case 1} 
might be due to the fact that a very high dosage was 
given for only six weeks before symptoms appeared. 

Caffey (1950) notes that there is a latent period 
of several months S .ween the start of the excessive 
dosage and the appearance of diagnastic clinical 
signs. The length of this period did not depend on 
the size of the overdose and the shortest latent 
period was six months. In his scries the earliest 
radiological observation, showing cortical hyper- 
ostosis in the ulnas, was three weeks after the onset 
of symptoms. It may be that in the two cases 
described here that as this interval was Iess than that 
period the hyperostosis had not time to develop. 

Loss of hair and dryness of the skin associated with 
ancrythematous rash also characterize the condition, 
Both our patients had this typical scaly erythematous 
rash on the trunk in the carly stages of the illness and 
both lost much of their hair (Fig, 2). After the 
vitamin A was stopped and the rash had cleared 
there was a period in which the skin was soft in 
texture and normal in every way, but this was 
ultimately followed by a relapse to the ichthyotic 
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state. This period in which the skin was normal 
was presumably sustained by the gradual release of 
vitamin A stored in the liver. . 

The liver and spleen are often found to be 
enlarged in hypervitaminosis A and in Case I both 
are still palpable 10 months after admission, This 
leads one to think that serious and permanent liver 
damage may be produced by prolonged adminis- 
tration of the vitamin, and makes one wonder 
whether the possible toxic cffects should be light- 
heartedly dismissed as in some recent statements. 

The most characteristic feature of the condition 
is that once the vitamin A is stopped the signs and 
symptoms regress and there is rapid recovery. The 
tenderness, pain, anorexia and irritability usually 
disappear within one weck. ° 

The most valuable investigation is the estimation 
of the vitamin A blood Ievel showing a rise above 
the normal level of $0-130 i.u. per 100 ml. 

The one condition with which vitamin A poisoning 
may be confused is infantile cortical hyperostosis. 
Caffey (1950) pointed out that the latter condition 
always appears in the first four months of life, 
whilst hypervitaminosis A is usually not scen before 
the end of the first year. He states that cortical 
thickening of the bones is seen in both conditions, 
the face and jaw are swollen and the mandible 
thickened in every case of infantile cortical 
hyperostosis, these structures being unaffected in 


vitamin A poisoning. The blood levels of vitamin 
A are normal in cases of infantile cortical hyper- 
ostosis, 

In conclusion it should be emphasized that the 
dosage of ‘avoleum’ recommended by the manu- 
facturers is unlikely to produce symptoms. It 
would appear that in the treatment of skin con- 
ditions by vitamin A care should be taken if it is 
required to use high dosage for very long peri 


{ wish to thank the Editor of the Proceedings of the 
Royal Society of Medicine for permission to publish these 
cases which were previously reported at the Section of 
Pacdiatrics mecting on June 25, 1955 (Proe. roy. Soc, 
Med., 48, 1107). 

fam grateful to Dr. W. L. Rose for the numerous 
biochemical and pathological investizations, and to 
Dr. G. A. Stevenson and Dr. A. M. Fraseg for radio- 
lovical reports, Dr. A. T. Haworth, of the Department 
of Chemical Pathology of the University of Leeds, kindly 
estimated carotene and vitamin A dleod levels. Dr. 
J. M. Morfitt gave much valuable assistance in the 
preparation of the manuscript, and Mr, Wade, the 
Librarian of the Royal Socicty of Medicine, helped 
greatly in compiling the referenecs. British Drug 
Houses Ltd. gave much valuable advice on the strength 
of ‘avoleum’ and the toxic efTects of vitamin A. 
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cospherites is relatively small, When considering the wie eon ss 


relationship of niicrolithiasis and rheumatic pneumoni- Janint $014 179.199, } 


raver , 'Te ; Reverkranky 
tis, it-must be remembered that the exudate seen in Pant age 


thematic pneumonitis is not specific for this condition other; 
and that it may be seen in some other diseases." Jt fies bee 


would seem possible that such a reaction may also he enero” Farsehe, 
provoked by other irritants, circulating or dust-borne, Caeenre! Nth 


particularly fungi (fig. 4), rei 
The mode of formation of the Calcospherites jn ; 
microlithiasis is probably analogous to that of corpora 
amylacea in spite of the existence of numerous differ. 
‘tween these bodies.2" Corpora am ‘lacea are . 
nites bet : I ie i Baensch, W, E.; Friedl, EZ., and Uchlinger, EL; Roent. 


Liminated stagnation products of sceretion (prostate) Volume Il, Thorax, English translation arranged and 


ate ng). Inthe lun they are usually seen. au, Int Anerican edition (beted on Sth German edition), 
or exudation (lung) Beye ) & Stratton, Ine., 1989, pp. 2078 and a557 


y ‘ ‘ ‘ IH , a 
in areas of previous pathology, such as old infarc tions, 5. Jona, G.; Stenosi Mitralica a fomia emoltoica: Induramento bname 


icte ; its.?” ] i] In microlithia- del polmnone calcificante; Levione epicritica, Pol Muleg (tex. pret.) 4; 

and are restricted to those eee i 1070-1085 (Oct. 23) 1933 Munk, E.t Calcifications multinn 
i . - f nae 3, » E. Dies dissémindges 
sis formation of these bodies occurs diffusely and dans les poumons dans fa saladdie mitrale, J. de radial. et d'électson 22; 


stagnation is conditioned by the nature of the pulmo- ig Nel re : : 
. le ity 4 
nary exudate and not by underlying pulinonary pathol. Feu ak, 


: ’ 7 : Wy ji + Foutnotes 34 and k, 
ety. Corpora amylacea do not usually calcify, while Footnotes 1, 20: an 31 and j 


the bodies in microlithiasis are heavily calcified. The t Bieinoics 53 and h, 


: soe ° . Cs aie mt ny + Footnotes 3d, 9, g, and k. 
diffuseness of the lesions IN microlithiasis, the location - Footnotes 2 atid ie nid 


in arcas other than previous pathology, and the tend. 13. Footnotes 2b and 3d, ¢. f, and k. 


i Be “ ce ey 14. Elketes, A.. and Glynn, L. E.: Disseminated Parenchymatous Ov. 
fall of the bodies to calcify, as reflected by the Ir lipid sification in the Lunes in Avsociation with Mitral Stenosis, J. Path. & Bact. 


and acid mucopolysaccharide contents,” in our view 581517-522 (Juty) 1046, 


indicate an unusual type of exudate, such as seen in ‘ TAMA 16:1 9-7 rly mart 


hyperimmime responses, 
Summary HYPERVITAMINOSIS A 


The pathology in pulmonary microlithiasis is charac. REPORT OF A CASE JN AN ADULT 
terized by innumerable calcified intra-alveolar concre- ee 
tions (calcospherites ) throughout the Jung. There is in A. Elliott Jr, M.D, 
an 


ttle parenchymal involvement in the early stages, . : 
while interstitial fbrosis appears later, These calculi Robert L. Dryer, Ph.D., Indianapolis 


tause a characteristic radiographic appearance of mi- . Although there has been a Steady increase in the 
nute, dense nodules disseminated throughout all por- number of reports of clinical hypervitaminosis A Oc. 
tions of the lung ficlds. The greater density is toward curring in children since the condition was first de- 
the hases, where cardiac and diaphragmatic outlines scribed in a child by Josephs," in 1944, only four 
become eventually obscured, In contrast to the extent : €ases* of chronic hypervitaminosis A have been re- 
of radiographic and Pathological changes, there are; ported in adults. The Present report describes chronic 
Practically no symptoms in the carly stages, Later in ! hypervitaminosis A Occurring in a young adult woman. 


the course of the disease, there IS Progressive respir- CA D-your-ald woman sag frst seen on July Bt, 1056 because 
tory embarrassment, leading to cor pulomonale and Of pain in both legs and ankles that had Persisted for one weck, 
eardiac decompensation, Thus far, the longest period Increasing Fatigue and insomuta had been Present for approxi- 
of observation has been 25 years, Microlithiasis hag mately two months. She had had intermittent low back ache 
mast frequently been mistaken for miliary tuberculosis, and mild bilateral hip pain for one month. There were com. 


Wigiecs : : : te 6 . plaints of occasional aching Pain in the left elbow and in- 
MO, <a H i B - f 4 elas ; i 
Hi logical consiclerations are inconchisive, The dis ermittent Severe aching pain in the lefe foot, which at times 


tse secs to be the result of a peculiar pulmonary made walking difficult, Slight swelling of both ankles and a 
ewudate, probably hyperimmune, This exudate may bluish discoloration on the outer aspect of the right ankle, with- 
Well have a specific ctiology, Lacking direct evidence out a history of trauma, were known for one week. Twice in 
to support this view, we feel that this condition may the preceding two months she had ® sore mouth, with small 
follow a variety of insults listers on the sides of the tongue, Frequency of Urination had 
‘ aes ¥ OF insults, en present for one week. Her appetite had remained good, 
S01 W, Cermak Rd., Berwyn, Ill, (Dr. Meyer.) there was no weight loss, and the menstrual cycle was not 
altered. Review of. her history revealed that her left Ovary was 
References removed when she was 18 months of ge; the diagnosis had 
1. Poh, L.: Mikrolith; 1s Pulmonum, Virchows Auch, {, been “fibrous tumor.” When she was 19 years of age an intra- 
Poth. Anat. 200 3 canalicular fibroadenoma had been removed from the left breast. 
and Gaensler, E. A.; Pulmonary She had a hymenotomy in May, 1954, for congenital hymenal 
he Lunes, New England J. Med, stenosis, She pave a six-year history of moderately severe acne 

nt, G.; Githert, E, S., and Meyer, : A ‘ 
Microlithiasic: - Microlithiadhe Alveolatis. Pulmonyan of the face and upper thorax, treated at Various tines with dict, 
ath. 60: 556-552 (Nov.) 1955, ' lotions, x-ray, and vitamins. Her family history revealed that 

Gteich, Ni: Corpora Amyta she was an only child. Her Pirents were living and well, 


{. path. Anat. 1013-614, 1858; Weitere Mi sti ng atic 
meet deny gr cee tree co On further Questioning it was learned that the patient had 
“Hentive Calcifications of the I i nee 
bt Med. 211139.146 (Jan.) 1918. ‘| From the departinents of Surgery and clinical Pathology, Indiana Uni. 

Sethalktes Schichtungskugeln som: in der versity Schoo! of Medicine. De y 
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JYPERVITAMINOSIS AELLIOTT AND DnvER 

SORT LPrer ate wee SG cat te 
fu en multiptesvttantn capsules for acne from March te July, 
A453, hy Prescription from a dermatologist, The capsules were 
taken three times w day, and each cupsule contained 10,000 
wuts of vitamin A, Vitamins were also administered intra. 
Muscularly on several eceasions during this period, There was 
' 8pparent improvement tn the condition with this treatment. 
* With exacerbation of the wene in December, 1953, she resuned 
10 use of vitamin A without consulling the dermatologist, She 
Purchased, without Prescription, vitamin A capsules that cone 
tained 50,000 units Per capsule and faithfully took one capsule 
three times a day. ‘This Vitunin intake was supplemented with 
Tuultiple-vitamin capsules that contained 10,000 units of Vituniin 
“> Ber capsule, and she took from one to three Of these cach 
day, This Schedule was maintained without dnterruption from 
= ecember, 1953, until July 23, 1954, During this Period of 
high vitamin 4 intake she noted that her hie became less vily 
ut was not difficult fo manage, Her nails seemed stronger, 
fer skin was nut odoriterous but recently becane more wily, 
‘and there was desquamation of skin around the wene crup. 

Yons, 


On physical eximination the patient Was an alert, cooperative, - 


foteligent woman, 5 ft. 3 in. (160 cu) tall and Weighing 
100 Ib. (45.4 ky.). She did not appear ill, The blood Pressure 
was 110/70 mim, Hy, pulse 76 Per minute, and fespirations 20 
Per minute, Acnetorn ruptions were noted on the face and 
Upper thoraa., There Was desquamuation about same of the 
sions. ‘The skin was otherwise normal, The distiibution and 
teature of her tiasir Were normal. ‘The fingernails were normal, 
© CAUHiNatioN of CUls, cyes, nose, mouth, und Dharyne was 
Aol remarkable. ‘The thyruid) gland Was not palpable. No 
Masses were felt in the breasts. ‘The lungs were clear to auscule 
tation und Percussion, and the heart was normal, Hee abdomen 
Was soft und flat. ‘The liver clge was palpated 3.5 em, below 
tho right costal margin in the midclavicular line on deep in. 
spiration and was not tender, No other OFKANS OF Masses: Were 
felt. Skeletal exaininution revealed a tmild dorsolumbar SCOligsis 
centered at 110, There was moderate tenderness On percussion 
Over both tibias. There was no tenderness on Percussion over 
tho other Jong bones or the vertebral Spines, A yellow-green 
iscoloratiun of the skin, “pproximately 4 cm, in diameter, was 
Noted anterior to the lateral malleolus of the right ankle. There 
was no pretibial or ankle edema. The rectal examination Was 
Bormal. X-ray examination of the long bones revealed no ab- 
Dormalitics, There Was no focntgenologic evidence of pcriasti- 
tis, 
Laboratory studics on July 26, 1954, 
globin valus 14.6 KM. per 100 cc., re 
per cubic millimeter, white bh 

cubic millineter, Poly morphonucle; yimphos 
Oytes 29%, mon 


12%, scrum 
albuuin 4,92 88 gym. per 
1 


tatiase 2.2 King and Annstrong 
2 mg. per 100 ce., indirect 0.6 

Prothrombin time 14.9 seconds (control 15 

urbidity | unit, cephalin flocculation 2+ In 

m lipids 802 mg. per 100 ee. (normal range 
885-675 ME. per 100 ce.), Serun) carotene 15] micy. per 100 ce, 
(normal range 80-370 imneg, Per 100 cc.), und serum vitamin A 
alcoho! &32 MCB, per 100 ce. (normal range 15-60 meg, per 
100 cc.), Studies on Sept. 22, 195 EVE; scrum Caroteng 
Jevel of 179 serum) vitamin-A-alcuhol 
level of 50 1 ood sunples were obtained 
with the 


had exhausted her 

discontinuation of the vita. 

w multivitamins, no further 

ne week after the initial examination 

all Jeg and ankle Pain had subsided and the tbtal tenderness 
had disappeared completely. The liver edge could still be pal 
Pated 1.5 cin. below the right costal margin on deep Inspiration, 
Two weeks alter the Initial examination there Were no sul. 
fective complaints and the liver edge was nu longer Palpable, 
The ucncform lesions persisted, One year Iater she was free of 


subjective complaints and physical Caunination was within 
normal Jusits, 


sg Sage, 
svgly ot, Feasttal a FAMAs July 31, lus 
ce'ugte , wt, 18 "00. ve sate 256 
: 2s );., ‘Comment eat! Nya Natt * 
The administration of vitamin A in a dose of 50,00 
units three times-a day. has been cited as‘ useful 
adjuvant in the treatment of acne Vulvuris ‘when the 
nature of- the lesions suggests vitamin A deficiency’ 
In the case Presented this approximate dosage sched. 
ule was Maintained for over seven months, and yity. 
min A intoxication resulted. The size and duration of 
the dose that will produce toxic effects in an adult sind 
the incidence and Severity of these effects Will vary 
with the person. The physician administering larye 
doses of vitamin A over a long period of time should 
C dtequainted with the Possible manifestations of 
intoxication, ie Be 
In all four of ‘the Previously reported cases of 
chronic hypervitaminosis A in adults, loss of hair, 
ne and joint pains, advanced skin changes, and bone 
tenderness were described. There Was no loss of hair 
in our patient, and toxic skin manifestations Were 
minimal. Bone and joint pains and hone tenderness 
Were present. Three of the four case reports descrilsed 
syiMptoms of anorexia, Weight loss, and Weakness, 
none of which were noted by our patient, Poly uria, 
‘soreness of the mouth and lips, pruritus, exophthalmnos, 
severe headaches, and hepatomegaly have each been 
reported in two cases, In the case described by Cee. 
ber and co-workers,** the hepatomegaly disappeared in 
the latter years of the iMness in Spite of con 
cessive intake of vitamin A. In our case, frequency of 
Urination, soreness of the mouth, blisters on the 
tongue, and hepatomeyily Were present, but there 
were no complaints of headache or Pruritus, and 
exophthalmos was not Present. Insomnia, night 
Sweats, change in the Menstrual cycle, polydipsia, 
splenomegaly, hemorrhagic manifestations, and X-ray 
evidence of bone involvements have cach been de- 
scribed in one case, OF this &roup our patient com- 
Plained only of insomnia, There was an unexplained 
ecchymesis on the right ankle, but ne bleeding tend: 
eney was demonstrated, and the ‘prothrombin time 
Was normal. The spleen was not palpable, and x-ray 
studies of the long bones were interpreted as normal. 
The fasting vitamin A blood level of 832 meg. per 
00 ce. reported in Our patient is one of the highest 
ever recorded. There was @ moderate increase in 
total serum lipids. A similar elevation was found in 
the case in an adult reported by Sulzberger,’ whereas 
Gerber's ™ patient had a normal total lipid level in the 
latter years of her illness, Josephs observed an early 
rise in serum lipids, with a return to normal later in 
the course of the illness. An elevated alkaline phos. 
Phatase |. vel has been recorded in only one adult 
patient.” Abnormalities in serum protein and pre- 
thrombin time have not been recorded in adults. 
These determinations Were normal in our patient, 


Summury 


A 21-year-old woman with chronic hypervitaminosis 
A had ingested 160,000 to 180,000 units of vitamin A 
daily for over seyen mouths in a program of self- 
medication for acne, She Bive a history of bone and 
Joint pain, fatigue and insomnia, swelling of the ankles, 
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ealumosis, soretiess of the mouth with blisters an the 


race, and frequency of urination. Positive physical 
tadings included acne, hepatomegaly, tiblal tender- 


ress, and ecchiymosis on the right ankle. X-ray studies - 


d the long bones were normal. Fasting blood studies 
teloed confirm the diagnosis. The symptoms and 


¢aus disappeared promptly after discontinuation of. 


the vitamin A medication, and the serum vitamin A 
skohoal level returned to normal, 


1100 WW. Michigan St. (7) (Dr. Elliott). 
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AN EMERGENCY SET TO COMBAT 
ANAPHYLAXIS 


~ Louis E. Prickman, M.D. 


- ond 
: Karl A. Lofgren, M.D., Rochester, Minn. 


Minutes count when one fs confronted with a severe | 


+ anaphylactic reaction such as may follow the admin- 
~ ntration of drugs, serums, antigens, antibiotics, local 
> anesthetics, dyes, and contrast mediums to which a 
patient may be hypersensitive, or such as may follow 
: the bite of a wasp, yellow jacket, or bee to whose 
enom a-patient is similarly hypersensitive. The sud- 
: denness, unexpectedness, and severity of the reaction 
tare most likely to find the physician unprepared to 
+ cope with it promptly and adequately. The anaphy- 
* lactic reaction may take different forms, all of which 
arc potentially serious and include choking, cyanosis, 
-apnea, status asthmaticus, syncope, shock, convul- 
- aons, stupor, and generalized urticaria and angioncu- 
otic edema. The patient may die. 


Emergency Set 


To prevent anaphylactic reactions, one must always 

ne alert to the problem of drug allergy in its many 
terms and question the patient as to previous drug, 
#-oTum, anesthetic, or insect reactions, especially when 
ome is dealing with a patient with known allergy or 
asthma. One should never challenge any patient with 
a substance to which there is even a questionable 
stustory of hypersensitivity, Nevertheless, anaphylac- 
“te reactions do occur when. least expected, and one 
-amist be prepared. For such emergencies, we have 
assembled “anaphylactic sets” and have placed them 
ru strategic areas in the Mayo Clinic, the Rochester 
“mespitals, and the research and physiology depart- 


neater 


From the Section of Medicine (Dr. Prickinan) and the hes i 

” operative 

worth (Ir. Lofgren), Mayo Clilajo and Mayo Foundation. ‘The Mayo 
ation be a part of the Graduate School of the University of Minnesota, 


ANATHYLAXIS—PRICKMAN AND LOFGKEN 1159 


ments, which are most likely to encounter anaphylac- 
tic reactions. The advantage of having all necessary 
emergency drugs and the equipment for their ad- 
ministration ready in one quickly available tray is 
obvious, Our anaphylactic sets now contain the fol- 
lowing items (see figure): two L-ce. ampuls of 1:1,000 
solution of epinephrine (Adrenalin), two 2-ce. syringes, 
two hypodermic needles, two long needles (1 in. and 
4 in. long), two ampuls of aminophylline (34 yrains 
[0.24 gm.] each), one 1,000-ce. hottle of 5% solution of 
dextrose in distilled water, one intravenous set, one 
10-ce. ampul of diphenhydramine (Benadryl) hydro- 
chloride (10 mg. per cubic centimeter), one bottle of 
hydrocortisone (dilution to 2 ce. gives 50 mg. per 


Emergency set to combat anaphyltauis. A, assembled; B, disauembled. 


cubic centimeter), one ampul of sterile water, 2:3 
scalpel, one hemostat, one ampul of absorbable 
surgical suture (catgut) with needle, alcohol, gauze 
sponges, swab tongue blade, and one 20-ce. syringe. 
Other items of an emergency nature could be includ: 
ed, but have been omitted since our primary objective 
is to be ready to treat anaphylactic reactions adequate- 
ly and promptly. Although not a part of the assem- 
bled anaphylactic set, oxygen (tank and mask) is 
important and is also readily available in the clinic 
and hospital areas mentioned, Anyone who has at- 
tempted to assemble even a portion of the above 
items during the stress of caring for an anaphylactic 
reaction, which can be fatal, will appreciate having 
these tools ready beforehand for emergency use, 
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Report of a Case in on Older Child and Review of the Literature 


THOMAS K, OLIVER JR., M.D, Columbus, Ohie 


Poisoning due to prolonged ingestion, of 
high doses of vitimain A (hypervitaminosis 
A) in’children 3 years of age and younger 
was first described more than a decade ago, 
Several cases have also been reported in 
adults. Recently two children beyond 3 
years of age with chronic vitamin A intoxi- 
cation have been reported from England, 
The following report describes an additional 
case in an older child.’ 


Report of Case 


A id-year-old white girl ® was admitted to The 
Children's Hospital on Sept. Il, 1956, with the 
chief complaint of leg pain of five weeks’ duration, 
Two years prior ta adinission the patient developed 
superficial, Nonpitting acne vulgaris, for which, 10 
months prior to admission, 200,000 units of vita- 


Tain A daily had been prescribed by @ dernatolor 
Rist.” Two ‘months Prior to admission she had had* 


her last normal menstrual period, succeeding ones 
being at the normal interval but scanty and of one 
day's duration. About the same time, the patient 
noted scaling and cracking of her lips and fissur- 
ing at the corners of her mouth, for which she 
used a number of salves without success. Five 
weeks before admission she hegan complaining of 
dull constant pain in her legs, particularly about 
the knees, aggravated by activity, At this time 
she was seen by her Private physician, who directed 
that vitamin A be discontinued, This advice was 
not heeded by the patient, unbeknownst to either 
hee family or the physician, 
“admission leg pain worsened. She walked with a 
“noticeable limp, favoring her left lex, and was 


unable to continue in KYM activities. She observed 
piesliai ce Ne seis 

Received for publication July 18, 1957; aeeepted 
July 30. 


From the Department of Pediatrics, Ohio State 
University, and ‘The Children's Hospital, 
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crmission to report this case was ranted 


by the patient's physician, Dr. Sophie Ropers, 


In the month prior to’ 


that her scalp hair became dry in texture and fell 
-out in large quantities with brushing. She also 
developed a maculopapular eruption on her trunk 
and desquamation of palms and soles. The family 
observed during this period that she manifested in- 
creasing irritability, ut there were no specific 
symptoms of central nervous system involvement. 
No bleeding or bruising was noted. Appetite re- 
mained good, although the patient was on a self- 
imposed, rather rigid, dict because of the acne. 

Family History.—Noncontributory. 

Past History,—Essentially unremarkable. Men- 
arche occurred twa and one-half years prior to 
admission, and menstrus! periods had been vormal 
up to the present illness. 

Physical Examination.—Weight, 54 kg.; height, 
169 cm.; blood pressure, 130/70. Skin: The face 
(Fig. 1) was the site of superficial nonpitting acne 
vulgaris and milia. The lips were scaled and 


~- cracked, and there were fissures at the corners of 


the mouth. Over the trunk and to a less degree 
on the extremities was a fine discrete light tan 
Nonpruritic papular eruption, The skin was dry, 
and the skin of the palms and soles (Vig. 2) was 
desquamating in’ sheets! The underlying skin in 
pot aie le 


Vig. 1.—Note the superficial acne and the fissur- 
ing of the lips. The hair is abundant, though loose. 
Later alopecia became moderately severe. 
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Fig. 2.-This Photograph demonstrates the dese 
Quamation of the soles of both feet. Similar des- 
quaniation was alse present on the pals, 


these areas was delicate and thin, Nikolsky's sign 
Was abscut, ‘The seal hair was dry gant loose, 
There was mudcrate alopeeia. 
hair was) normal, 
was normal, 


Pubic and uxillary 
Eyes: External examination 
There was bilateral papilledema 
(proved by binocular oplithalmoscopy), and linear 
hemorrhages surrounded exch dise (Fig. 3). 
Abdomen: Liver and spleen were not enlarges, 
Extreinities : The patient had tenderness in both 
legs, more on the left, particularly medial and in- 
ferior to the tibial tubercle. There was no swell- 
ing, heat, or redness. There was no weakness, 
Sensory disturbance, or reflex changes, nor were 
there signs of meningeal irritation, 
Was normal to bedside testing. 
Laboratory Data.—Hemoglohin, 12.9 gn/100 mi.; 
- White cell count, 8050 per cubic millimeter, with a 
normal differential count; platelets, 
ee 


Fig. 3.—Retinal 


Mentation 


normal on aps 


photograph, showing papille- 

dema, venous engorgement, and perivascular 

hemorrhages, Particularly in the right upper 

quadrant. The oval Spats, particularly noticeable 

in the periphery of the photograph, are artifacts. 
bi ae 


shaded 
and sigs dial 
text), 
was still elevated, 


‘ 
t 


Pearance. Serum chemistry studies: 
nitrogen, 24 mg/100 ml.; CO, 
chloride, 102 mEd/liter; total base, 149 mEn/lter: 
total protein, 7.3 gm/100 ml.; albumin, 3.6 gm/10 
ml.; globulin, 3.7 1/100 mil.; calcium, 10 mg/10) 
ml; inorganic Phosphate, 3.5 mg/100 ml; alkaline 
Phosphatase, 3.5 Bodansky units; cephalin floc. 
culation, I+; thymol turbidity, normal; choles. 
terol, 94 mg/100 mi; protein-bound 
9.64/00 mil. (Sept. 20); repeal, 48yu¢/100 mi, 
(Oct. 25). HB. OM, R., normal, 
including lone ‘hones, spine, 
Lumbar puncture (supine) yielded crystal-clear 
Auid, initial pressure 600 mm. 1hO; cells, 3 per 
cubic millimeter; 
nornval, 
(Sept. 
WSO.) 
Klui.), respectively, On Keb, 


blood ures 
21 mEq/iter; 


Mastingg serum carotine 


and xanthophyt! 
VW), 264p¢/100 mt, 


(normal, 73yg. to 


4, 1957, these values 


were 195 a /100 ml, and DRue/109 inl. respectively, 


The fasting vitamin A levels are shown in Vigure 
4t | 

Course—A diagnosis of chronic hyperviti- 
minosis A was made on admission, and all medi- 
cations were discontinued. Symptoms 
hegan to abate within a week and the patient was 
entirely asymptomatic, except for continued loose 
hair, after two weeks. She was discharged on 
Sept. 17, 1956. When she was examined on Oct. 6, 
nd abnormalities, except alopecia and superficial 
acne vulgaris Cunchaiged from before), were 
noted. Ophthalmoscopic examination was entirely 
norinal, with no residua of the retinal he 
Regrowth of scalp hair, which was 
was not oliserved until six weeks 
A was 


and signs 


morrhages. 
of fine texture, 
after the vitamin 
Stopped. Menstrual periods became norma! 


t Dr. Gilbert B, Forbes, Department of r 
tries, University of Rochester School of Medicine 
and Dentistry, performed the serum vitamin A, 
Carotene, and xanthophyll determinations, 
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Vig. A—Masting: serum Vitamin A levels. ‘The 
area indicates the normal range. Symptoms 

subsided by early Octoler (sce 
at which time the serun Vitamin A level 
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Sugar and protein, normal. EEG. 


wd VS pe/100 ml. (normal, 40ye. 10 
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iodine, , 


Skeletal survey, : 
and skull, was normal, ‘ 
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‘ 
‘in duration two months 


stopped. She has remainer 
months. r ; 


Comn 
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in duration two monilis afice medication was 
stopped. She has remained asyi ptomatic for nine 
months. 


Comment 


The first report of chronic hypervitamin- 
osis A in humans was recorded by Josephs, 
in 1944, when he described the findings in 
a 3-year-oll child.! Since then, a total 
of 27 reports among infants and toddlers 
has appeared in the English literature.?' 
Six cases have been reported in adults.2%74 
In 1956, Pickup, in England, described the 
first two cases of hypervitaminosis A oc- 
curring in the British Isles.23 Both were in 
children beyond the age group heretofore 
feseribed, namely, 6 and 4 years of age, 
respectively. The present case is the third 
to be reported in children beyond 3 years 
‘of age. Thus, a total of 36 cases of chronic 
vitamin A intoxication have been recorded. 
They are summarized in the Table, 

As is illustrated by the present case, the 
symptoms, signs, and laboratory findings 
can be ascribed chiefly to the involvement 
of three systems: the integumentary, the 
Osscous, and the central nervous system, 
The incidence of these symptoms and signs 
and laboratory findings is shown in igure 
5. The commonest manifestation has been 
bone pain and tenderness, which has been 
observed in 34 of the 36 cases. In infants 
and toddlers the pain and tenderness has 
often been associated with subcutaneous 
swelling without redness or heat. Pain, 


* tenderness, and swelling are most commonly 
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Vig. $.—Incidence of symptoms, signs, and 


suboratory findings of chronic hypervitaminosis A 


ay infants-toddiers, older children, and adults, 
Vliver 


observed over the long bones of the upper 
and lower extremities. Swelling of the feet 
due to involvement of the metatarsals is 
also frequently reported, with pain and 
tenderness sufficient to limit walking. The 
occiput has been the site of swelling in 
several instances, Accompanying — x-ray 
changes have been observed: in all infants 
and toddlers but in only one of the nine 
children and adults. In the latter instance 
this consisted of calcification of the infra- 
patellar ligament and the ligamenta flava. 
A bone biopsy in that case revealed cal- 
cification in the intercartilaginous tissues, 
with thickened periosteum.??, The usual 
x-ray changes consist of cortical hyper- 
Ostosis similar in all resnects to the hyper- 
ostosis described in infa: .s by Caffey. Less 
coinmonly, mottling dr osteoporosis of the 
bone may be seen, Osteoporosis has not 
been conspicuous, although in the laboratory 
animal it is a prominent manifestation, lead- 
ing to spontancous fractures. Of interest, 
however, is the fact that two instances of 
craniotabes associated with hypervitaminosis 
A have been observed in the infant group.!* 
18 X-ray changes are most commonly seen 
in the ulnas, metatarsals, clavicles, and ribs. 
In none of the reported cases has the mandi- 
Ni es a 
ble been involved. This serves as an im- 
portant —dilferentiation from infantile 
cortical hyperostosis, . 


/ 


Constitutional symptoms, ‘including ano- 
rexia, irritability, failure to Kain weight, or 
actual loss of weight, have been the next 
commonest symptoms in this group of 
Iitiznts, These symptoms are believed to 
be related to the bone pain and tenderness 
and also to pruritis. Anemia has occurred 
it only a few cases and has been apparently 
_Of nutritional type, related most probably to 
poor appetite. 

Involvement of the integument “in this 
disorder consists of three disturbances: 
skin eruption, fssuring of the lips, and 
loose hair, Th: eruption, whieh frequently 
is intensely pruritic, most commonly con- 
sists of a maculopapular, occasionally 
slightly pigmented, eruption over the entire 
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body. Coarsening of the skin often precedes 
the eruption. Desquamation, particularly of 
the palms and soles, as noted in the present 
case, is commonly observed. Fissuring and 
scaling of the lips and looseness of the 
hair leading to alopecia have been observed 
in all of the older children, in the majority 
of adults, and in about one-third of the 
infants and toddlers. The eyebrows and the 
axillary and pubic hair may also be in- 
volved. Before looseness occurs, it is fre- 
quently noted that the hair becomes dry 
and coarse. Liver enlargement has occurred 
‘in approximately one-half of the cases. 
Liver-function tests, when performed, have 
been nonnal., 

Central nervous system involvement. has 
not been a common manifestation, but, as 
demonstrated in the present case, it con- 
stitutes an important sign. The signs and 
Symptoms are the result of elevation of 
cerebral spinal fluid pressure. Abrupt rise 
in CSF pressure with attendant symptoms 
of headache, nausea, vomiting, and vertigo 
are the most prominent symptoms in acute: 
intoxication with vitamin A. These syifip- 
toms have been described in adults since as 
early as 1597, when the symptoms were 

‘described by Gerritt de Veer 24 following 
the ingestion of polar bear liver. Other polar 
explorers subsequently have reported similar 
symptoms which have ciearly Leen demon- 
Strated to be due to the high concentration 
of vitamin A in the livers of many polar 
animals.2? In children, as well as adults, 
acute vitamin A intoxication is characterized 
by central nervous system involvement. 
‘Marie and Sée*® observed four children 

_Jess than 12 months of age, three of whom 
. ingested a single dose of 300,000 to 350,000 
units of vitamin A or a vitamin A and D 
Preparation. Toxicity emerged in the fourth 
infant after a similar total dose, but this 
Was given over a six-day pe-‘iod in the 

_ form of nose drops. The authors demon- 
* strated that the effects were duc to vitamin 

A alone and not te the combination of A 

: and D by giving 350,000 units of Vitamin 

A to six additional infants, three of whom 
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ss. . 


%, 
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Demented 


i 
é ‘ 
developed acute hydrocephalus. Symptoms! 
and signs of increased spinal fluid pressure; 
occurred within 24 hours and were mani.’ 
fested by projectile vomiting, tense and! 
bulging fontanel, irritability, restlessness,’ 
insomnia, and drowsiness. Except for ar,’ 
increase in intracranial pressure there Was. 
no abnormality of the cerebral spinal fluid, : 
and symptoms subsided within 48 hours. ' 
The most striking example of central nery- 
ous system involvement among the casés oi 
chronic hypervitaminosis A is that of 2, 
28-year-old woman reported by Gerber. . 
Seven years prior to diagnosis she developed 
headache, nausea, and diplopia and was; 
noted to have nystagmus, strabismus, and. 
papilledema. Spinal fluid pressure was in- 
creased. Ventriculograms were normal. A! 
subtemporal decompression was performed, ; 
and the area remained bulging and tense for 
seven years, during which time the patient ’ 
continued to ingest excessive amounts of 
vitamin A. Prior to the correct diagnosis, 
neurologic diagnoses included brain tumor, 
encephalitis, and chronic meningitis. The 
increased intracranial pressure promptly 
subsided when vitamin A was discontinued. 
Hydrocephalus has occurred in three chil- 
dren less than 3 years of age with chronic ) 
hypervitaminosis A. One child with typical 
skin and bone changes of hypervitaminosis 
A had inereased spinal fluid pressure and a 
subdural hematoma.¢ Whether the latter 
Was associated with hypervitaminosis A. is 
not known. In experimental animals with 
hypervitaminosis A bleeding into the sub- 
culancous Ussues, around spontaneous frac- 
tures, in the brain, and in the viscera is a 
common fnding. The mechanism is believed 
to be antagonism between excessive vitamin 
A and vitamin K, with resultant hypopro- 
thrombinemia, It is not clear whether vita- 
min A interferes with absorption of vitamin 
K or with its action within the liver. In 
humans, bleeding has not been a prominent 
manifestation, In addition to the child with 
subdural hematoma, one patient had rather 
severe bleeding of the gums following dental 
extraction, which subsided coincident with 
the administration of. vitamin K,!) and 
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another had a severe hemorrhage following 


> tonsillectomy.’ Unfortunately, coagulation 


- 


| 
| 
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} stulies were not performed in either pa- 
j tient. Indeed, in only one instance has an 
abnormal prothrombin time been observed, 
and this was not a constant finding in that 
case. Children with hypervitaminosis A 
have frequently demonstrated minor epi- 
staxes, but whether this is related to vitamin 
A intoxication or to the rather common 

. Occurrence in this age group is not known. 


In the present case and in two of three 
‘adults hypomenorrhea has been observed, 


and in all cases the menstrual periods have. 


promptly returned to normal after cessation 
of the medication, No other endocrine dis- 
turbances; are reported, although there have 
teen hinis suggesting inhibition of thyroid 
function by vitamin A. It’ was for. this 


reason thit protein-bound iodine and basal’ 


metabolic rate were obtained in the present 
case, with normal results. In experimental 
animals antagonism between excess vitamin 
A and thyroxin appears to be quite well 
established 2° 

Laboratory studies for the most part are 
within the normal limits. Caleium and phos- 
Phorus metabolism is not altered, and no 
case of hypercalcemia has been described, 
This helps to rule out the consideration of 
vitamin D intoxication occurring concomi- 
tantly with hypervitaminosis A. This com- 
bination has never been reported, probably 
because the dose of vitamin D in the usual 
A and D preparations, such as percomorph 


-- liver oil, is not large enough to cause in- 


toxication with vitamin D. In 12 of 21 
infants and toddlers in whom an alkaline 
Phosphatase determination was obtained the 
level was elevated beyond normal (greater 
than 13 Bodansky units).. In the two chil- 
dren described by Pickup there was strik- 
ing elevation of the alkaline phosphatase, 
and in one adult, the patient with ligamen- 
tous calcification, the alkaline phosphatase 
Was elevated on occasion. : 

The mechanisms whereby prolonged ad- 
Ministration of vitamin A. causes toxicity 
Femain unknown. This subject has recently 
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been excellently reviewed by Nieman and 
Klein Obbink.* In laboratory - animals 
Wolbach has demonstrated that the skeletal 
changes are due to acceleration of the epi-, 
physeal cartilage seouences, absorption of 
bore, and appositional bone growth. These 
changes are in conformity to normal bone 
pattern, Linear growth in animals is nor- 
mal or may be impeded, but ‘t is never 
accelerated. Fractures often occur in ani- 
mals and can be explained by the extensive 
loss .of previously formed cortical bone 
before the newly formed bone has acquired 
firmness sufficient enough to meet mechan- 
ical requirements.3¢ 

The cause of increased cerebral spinal 
Auid pressure is entirely mysterious. Most 
authors believe that the increase is duc to 
excessive production of cerebral spinal 
fluid. However, there is little experimental 
evidence for this. Of interest, increased 
intracranial pressure has also been described 
in vitamin A deficiency, both in laboratory 
animals *! and, more recently, in children.3? 


Similarly, inereased intracranial pressure 


has been deseribed in hypophosphatasia 29 


and following oxytetracycline, chlortetra-)’ 


cycline, and tetracycline therapy,>**5 
Whether there is a common mechanism in 
these clinically unrelated conditions is not 
known. 

The most important differential diagnosis 
in the infant and toddler age gréup is a 
consideration of infantile cortical hyperos- 
tosis (Caffey’s disease).8* Both hypervita- 
minosis A and Caffey’s disease share as 
common manifestations bone pain, soft tis-' 
suc swelling, irritability, and x-ray changes. 
In the past it has been emphasized that the 
differential diagnosis could be made on the 
basis of age—infantile cortical hyperostosis 
occurring before one year of age and hyper- 
vitaminosis A after one year. That this is 
not the case is demonstrated in Figure 6. 
In 6 of the 27 infants and toddlers the 
onset of symptoms was before 12 months 
of age; in 4 of the 6 the onset was before 
6 months. The diagnosis was established in 
three of the six children before 1 year, but 
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Note that Six children (229) had the 


one year of age, There is little de 
Onset and diagnosis in this age grou 
fig. 8), f 


in only one Was it made before 6 months. 
While age does not serve in the difterential 
diagnosis of these two diseases, 
Other differences Which separate the two, 
In Caffey's disease there js often fever, 
an clevated White blood cell count and a 
Tapid erythrocyte sedimentation rate. The 
distribution of bone lesions js another jm- 
Portant differentia} point. The mandible, 
which is comn involvement 


in infanti » has never 


there are 


manifestations, 
common in vitamin A Poisoning, 
~ -@T€ not an accompaniment of Caffey’s dis. 


ease. Finally, the diagnosis ‘of hypervita- 
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A is established by the 
Vitamin A level in the Scrum, 

The interval between initiation Of the 
toxic dose and the onset of symptoms is! 
Shown in Figure 7, In more than half of: 


the infants the interya! Was between |] and. 
12 mouths. I 


cases did sym 
Month after 
Of interest, b + because : 
of the small numbers in each sample, the 

average interval jy both infants and adults ; 
from the Onset of the toxic dose to syinp- | 
toms was 10 months. It is clear that there | 
is a latent period between the onset of 
high-dose therapy and the emergence of | 
toxic symptoms, Many ‘factors may be 

Fesponsible for this delay, including indi- 

vidual Variations in 
and exerction. One f. 
established 
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Once the symptoms have arisen, the in- 
terval before the diagnosis is established 
Varies in the different age groups (Fig. 8). } 
In the infant and toddler Sroups the diag- H 
NOsis was established in al] except 1 child 
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ly 12 months after the onset of symptoms 
aml in 22 of the 27 within 6 months of the 
onset. In the three older children the diag- 
nusis was established equally carly, namely, 
within one month ia two children and in 
my case two months after the onset of 
synptoms. However, in half of the six 
cas occurring in adults there was a con- 
siderable delay in the diagno:'s, the longest 
leing seven years. The reason for this 
appears to be that the manifestations of 
hypervitaminosis A, particularly the x-ray 
changes, permit rapid recognition in in- 
fancy, but in adults (and probably in older 
chiklren, as more cases are described) 
without x-ray changes delay occurs until 
this diagnosis is entertained on oO! jer 
grounds, ‘ 


The min toxic dose in man is not 
‘swown, It has been estimated by Caffey 
that in children 1 to 3 years of age 100,000 
units daily will result in chronic intoxica- 
tion after a latent period of at least six 
months. There is no apparent relationship 
between age and dose, as can be scen in 
Figure 9. It can be scen that in four chil- 
dren and one adult toxicity occurred with 
the dosage of 100,000 units ner day or less. 
The toxic dose in experimental animals has 
been reviewed by Nieman and Klein 
Obbink. There is considerable’ variation 
ivom species to species. Most of the work 
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Fig. 9.—This figure demonstrates that there is 


Ho relationship between the dosage af vitamin A. 


and the ze of the patient. ‘The freyucney of 
dosage of 2101000 tes 300,000 units in tlic infant. 
toddler a;:e range is a retlection of the . common 
Usage of approximately 1 teaspoonful (4.4 11 ) of 
percomorpl liver oil daily resulting in toxicity. 


Oliver \ : 


has been done in rats, and in this animal 
there is definite relationship of dose to age, 
younger animals being more susceptible. 
Few studies of chronic toxicity have been 
performed in humans. Josephs gave 500,000 
units daily to an 8-month-old infant for 
four months without rise in fasting vitamin 
A level in the serum or emergence of 
symptoms, He also gave 200,000 units daily 
to two infants for “several weeks” without 
symptoms but with temporary rise ‘40 the 
serum vitamin A level lasting for. one week. 
Tt is apparent from the. paucity of cases, 
on the one hand, and the extensive use of 


Vitamin 4.1 large doses, on the other, there 


‘So great variation in the handling of vitamin 
A by individual persons, but most are able 
‘to excrete the medication rapidly enough to 
prevent accumulation. It also’ must be 


} pointed out that none of the various carati- 


noidls cause symptoms of hypervitaminosis 
A. “While large doses of B-carotene will 
result in yellow coluration of the skin 
(carotenemia) no other manifestations oc- 
cur, The reasons for this appear to include 
the observations that cargteae is less readily 
absorbed than vitamin A and that conver- 
sion into vitamin A is not rapid enough to 
allow accumulations of toxic quantities of 
vitamin A, : , 

No therapeutic measures are indicated in 
chronic vitamin A intoxication, Withdrawal 
of the agent invariably results: in prompt 


“disappearance of symptoms. ‘There are no 


| prolonged sequelae of the disorder once the 


* medicament is discontinued, 


The recommended daily dose of vitamin 
A is 1500 I. U. in children up to 1 year, 
2000 units from ares 2 to 3 years, 2500 


+, units from 4 to 6 years, 3500 units from 


7 to 9 years, and thereafter and in adults 


“$000 units per day except increasing to 


6000 during pregnancy and 8000 units dur- 
ing Sactation.47-3° : 


In persons with biliary obstruction or 
‘ steatorrhea vitamin A is poorly absorbed, 
because it is fat-soluble, and deficiency may 
ensue. Also, in cirrhosis of the liver vita- 
min A storage may be impaired. Therefore, 
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in these situations larger doses, up to 20,000 
units daily, are indicated. Vitamin A ad- 
Ministration in the recommended dosage 
will prevent the clinical manifestations of 
hypovitaminosis A, which include night 
blindness, xeropthalmia, and keratomalacia 
and, less importantly, skin changes, includ- 
ing follicular hyperkeratosis. As mentioned 
Previously, increased intracranial pressure 
may also occur with hypovitaminosis A in 
infancy, 

The indications for vitamin A administra- 
tion in dermatologic diseases are not estab- 
lished. Some texts do not mention the use 
of vitamin A, while others suggest its use 
in conditions where there is excessive kera- 
tinization, either diffuse, as in icthyosis, or 
limited to the follicular system, as in acne 
vulgaris. For example, one text states “the 
dermatologic dose of vitamin A is 100,000 
units per day, although in some disorders 
up to 300,000 units per day are required 
and treatinent must be continued for a 
Period of months to achieve the desired 
effect" !*9 In general, dermatologic texts 
provide either very scanty or no informa- 
tion to the reader Tegarding vitamin A 
intoxication.*'* One commonly used text- 
book of medicine states that “. . . doses 
[of vitamin A] up to 300,000 units per day 
for a number of months have yot produced 
detectable harmful effects. . . ." The 
implication that such dosages are without 
risk is hot consistent with the facts pre- 
sented here. It is recognized that vitamin 
A in large doses is often Prescribed by 
dermatologists. The extremely low inci- 
dence of chronic intoxication indicates that 
most persons can tolerate such doses, How- 
ever, this does not justify its use, particu- 
larly when its value in skin disease is 
questionable. If prescribed for a “clinical 
trial," present evidence suggests that the 
dose should nat exceed 50,000 units daily 

for a period of not more than two months, 
a Finally, in tenns of better understanding 
the epidemiology of vitamin A intoxication, 
itis of interest to examine the reported 
cases for responsibility of prescribing the 
66 
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toxic dose. In 25 of the 27 cases among ° 
infants the family was responsible. In! 
these situations the mother usually gave’ 
more than the prescribed dose because “it. 
would do more good.” In two of the infants 
the responsibility appeared to be with the, 
physician, who in one instance prescribed | 
high doses of vitamins for the diet and in; 
the other, because of a large fontanel. Ex.! 
amination of the nine eases in older children 
and adults revealed thatin seven of the nine 
cases the intoxication must be considered 
iatrogenic. In all: of the alder children ; 
vitamin A had been prescribed for skin : 
conditions. This was also true in four of | 
the six adults. in the Present case some | 
responsibility must also be placed with the } 
patients, who did not discontinue therapy + 
when this was recommended, although there 


was clear evidence of vitamin A intoxica- | 
tion before that time. In one adult adver: : 
tising claims must be held as the responsible ; 


factor. Coupled with the claims of irrespon: 


sible firms are the facts that vitamin A in | 
‘large amounts may be purchased without 


Prescription over the druggists’ counter or 
by mail, and, of even greater importance, 
J was unable to find indication on any label 
of vitamin A preparations that toxicity 
with large doses or prolonged adiministra- 
tion might occur. 


: Summary 

A case of chronic hypervitaminosis A in 
a 14-year-old girl is presented, and the Eng- 
lish literature, comprising 36 cases in in- 
fants and toddlers, children, and adults, is 
reviewed, ' 

The symptoms, signs, and laboratory 
findings are discussed. In general, all age 
groups share common symptoms and signs. 
X-ray changes of the Jong bones occurred 
in 190% of infants and toddlers but in 
only one of nine persons jn the older 
Groups. Central nervous system symptoms 
and signs due to increased intracranial pres- 
sure occurred in 2096 of the total group. 

All manifestations of hypervitaminosis 
A subside promptly following withdrawal 
of vitamin A. No sequelae were observed. 
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Gargoylism was first re 
in 1917, but it was not uw 
that the disease was de 
detail by Flurler.? Clinic 
characterized by skeletal 
facial features, mental re 
ment of the liver and sp 
of the corneas. When a 
are present, the disease 
nized. However, those c 
of the characteristic crit 
as formes frustes. ; 

The purpose of this p 
five cases, two of whic 
Negro children. The latr 
be the first documented 
goylism in the Amerian 
tion, a review of the fi 
made, as well as a sumn 
advances in the recognitic 
ing of the fundamental € 
case process. 


Report of ¢ 


Case 1.—A 4-year-old Nez 
ou Jan. 21, 1954, because of 
and abdomen for one day. , 
admission he had developed 
infection, The patient was 
was thought to be a seven ¢ 
birth weight being 2665 gm. 
fainily history was not cont 
with support at 7 mouths, ¥ 
and at 4 years could speak © 

The physical examination ¢ 
a dwaried 414-year-oll Negr 
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The Eye Manifestations of Chronic Vitamin A Intoxication E271 
in the : : 
oe i THOMAS K. OLIVER Jr,, M.0., and WILLIAM H, HAVENER, M.0., Columbus, Ohie : 

ar ais : 

ment of | Poisoning due to prolonged ingestion of 

srit. J. large amounts of vitamin A occurs primarily 

in children receiving excessive vitamin dos- 

age. Occasional cases are seen ia adults 

because of the very high level of vitamin 

A used in some disorders. Apparently on rissace ve 

an empirical basis, 1000 tu 500,000 J. U. eo 

daily have been advised in. treatment or teste avon 

prophylaxis of the common cold, acne, a 

variety of dermatoses with particular selec: cases mure 

tion of those exhibiting hyperkeratosis, ~~ 

ocular discases manifesting themselves. by 
night Llindness or corneal degeneration, and 
sometimes in otologic, gynecologic, renal, 
and enteric disorders. Indications for such hypomenorrhea; hepatomegaly and spleno- 
use of vitamin A are not clearly established, megaly, and generalized malaise (Vig. 1). 
and serious doubt exists as to the value of Although not a common manifestation, 
this type of treatment. Since 5000 to 7000 central nervous system involvement is. the 
I, U. are reconanended as the minimum — feaure of vitamin A intoxication most likely 
daily requiremen. for adults, it is apparent to result” in ophthalmologic consultation, 
that a very wide range exists between actual ‘The cause of increased intracranial pressure 
need and toxic levels of vitamin A. is unknown, though most authors believe 
* Manifestations of vitamin A toxicity do it to be due to increased secretion of 
not appear until many months of a fairly cerebrospinal fluid. ‘The patient may have a 
high dosage. (Enormous single doses may typical papilledema, accompanied by the 
cattse an acute rise in cerebrospinal fluid usual headaches, and sometimes develops 
Pressure, with attendant symptoms of head- extraocular muscle Pauralyses with diplopia. 
ache, vomiting, and vertigo. These symp- (Gerber reports a young woman taking 
toms may be noted when single doses as $00,000 units of vitamin A daily for treat- 
high as 350,000 units are given an infant. ment of a skin disorder. During a period 
Apparently shark and polar bear liver con- 
tain high concentrations of vitamin A, and 
acute intoxications are reported following 
a single meal of these livers.) Toxic symp- 
toms include the central nervous system 
manifestations of inereased intracranial 
Pressure; exophthalmos; loss of hair, 
culancous rash, desquamation, and pigmen- 
tation; migrating arthritis pains, bleeding, 
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Vig. 1—Incidence of symptoms in 36 
summarized by Oliver. 
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of eight and one-half -years she was. hos- 
pitalized 10 tintes in five different: institu- 
tions, with diagnosis of subtentorial tumor, 
serous meningitis, chronic encephalitis, and 
infectious arthritis. Subtemporal decom- 
Pression, tantalum cranioplasty, and re- 
peated ventriculograms were done. She 
became totally disabled from hypertrophic 


arthritis and manifested all the other symp- 
Received for publication Oct. 17, 1957, 


Nee toms of vitamin A intoxication, which im- 

Ohio State University, Department of Pediatrics i ‘5 : ; 
(Dr. Oliver) and Acting Chairman, Department Proved dramatically when vitamin A was 
of Ophthalmology (Dr. Havener), stopped.) Infants may show bulging fon- 
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tanelles and other manifestations of internal 
hydrocephalus, inchiding increased digital 
markings of cranial bones, 

Exophthilmos is occasionally present but 
is not marked. His best detected by persons 
familiar with the patticnt’s previous appear- 
ance. Clinical studies of orbital tissue are 
not available. Speculation as to cause of this 
exophthalmoes should take into account the 
known antithyroid activity: of very large 
doses of vitamin A, Animal experimentation 
has clearly established this inhibitory ac- 
tivity. Reported limitations of extraocular 
movement have been on the basis of nerve 
paralysis rather than orbital infiltration. 

Loss of hair is generalized and includes 
the brows and lashes. Desquamation may 
be marked, especially affecting the palms 
and soles. Often a diffuse cutaneous pig- 
mentation develops. An itching maculopapu- 
lar eruption may spread over the entire 
body. 

The commonest manifestation of vitamin 
A intoxication is migrating pain and tender- 
ness of the boncs (noted in 34 of the 36 
cases surveyed by Oliver). In infants this 
pain is often associated with noninflam- 
matory swelling overlying the long bones. 
Characteristic roctgenologie findings of 
cortical hyperostosis and mottling are seen 
in children. Adults rarely show positive x- 
ray findings. “Ihe spontancous fractures 
reported in laboratory rats do not occur in 
humans cases. 


Hypoprothrombinemia, which responds to 
vitamin K therapy, may cause bleeding fol- 
lowing minor injuries or surgery. Adult 
females develop hypomenorrhea, which dis- 
appears promptly when vitamin A is dis- 


continued. Hepatomegaly and splenomegaly 


may occur. General irritability, anorexia, 
and weight loss are common. 

Treament of vitamin A intoxication is 
. entirely dependent upon the recognition of 
“the syndrome and withdrawal of vitamin 
A therapy. Symptoms clear spontancously 
within a short period of time. 

The following report describes a typical 
case of hypervitaminosis A. 
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A 14-year-old white giri was auelinnitygt - 
Children’s Hospital on Sept. 1, Win, y- 
the chief complaint of leg pain af», 
weeks’ duration. “Two years [tion ww | 
Mission the patient developed Miperts, 
nonpitting acne vulgaris, for which + 
months prior to admission, 200,000 wa. 
vitamin A daily had been preseribed a ; 
dermatologist. Two months prior ta: 
mission she had her ‘last normal mens. 
Period, succeeding ones being at the nes L 
interval but scanty and of one day's dee. 
tion. About the same time, the Jmitiont te 
scaling and cracking of her lips and fissur 
at the corners of her mouth, for which | 
used a number of salves without: steas 
Vive weeks before admission she lay: 
complaining of dull constant: pain in f- 
legs, particularly about the knees, APP ravate 
by activity. At this time she was scents 
her private physician, who directal ¢. 
vitamin A be discontinued. This advice w.- 
not heeded by the patient, unbeknowasr : 
either her fomily or the physician, Inq 
month prior .o admission leg pain worsne 
She walked with a noticeable limp, favor: ; 
her left leg, and was unable to continue + 
gym activities. She observed that her 4. 
hair became dry in texture and fell out + 
large quantities with brushing. She als 
developed a maculopapular eruption on Le 
trunk and desquamation of palms and «'. 
The family observed during this yet 
that she manifested increasing irritalilts 
but there were no specific symptoms of a 
tral nervous system involvement. No bhe! 
ing or bruising was noted.  Apyat™ 
remained good, although the patient was « 
a self-unposed rather rigid diet because + 
the acne. 

Family history was noncontributory. 

Past history was essentially unremun 
able. Menarche occurred two and one h * 
years prior to admission, and mente: 
periods had been normal up to the pres 
illness, 

Physical examination, Weight, 54 3. 
height, 169 cm.; blood pressure, 1307 
Skin. The face was the site of supert» 


Vol. 60, Jule. i” 


“tem ee 


2S agtent 


vo ergeattoenge 
* wete 
Rootses ot! 
Ve teem 
erect ities 
retin ff 
sin, ated 
oatranye a 
la ve 008 8 
pte Wee 
evel Toorse 


Eyclen cote 


tee te O88 I 


eooly pooge 
The olans 
ses ologele 
Nees UG 
V5 toons 
torte tee eee 
+ fe ecttte 
ee eas 
emteee 
te adres .4 
“or of Be 
Sas stodye 
"Cade ioe 


tooth 


WW. 


. 


-° 


pas 


Si 


ss. 


<8 


wexs- 


. 
I 
i 
: 
| 
: 
; 

[ 
5 


yee 


. 


SOT. Se won e okt: 


CHRONIC VITAMIN: VAIN TONICATION 


Fig. 2.—Papilledema, as photographed at time 
of diagnosis of our case. 


nonpitting acne vulgaris and milia. The 
lips were scaled and cracked, and there were 
fissures at the corners of the mouth. Over 
the trunk and to a less degree on the ex- 
tremivies was a fine discrete light-tan non- 
pruritic papular eruption. The skin was 
dry, and the palms and soles were desqua- 
mating in sheets. The underlying skin in 
these areas was delicate and thin, Nikolsky's 
sign’ was absent. The scalp hair was dry 


and loose. There was moderate alopecia, - 


Pubic and axillary hair was nomnal. As 
seen in Figure 2, the typical appearance of 
‘carly papilledema was present in each eye. 
_ The dise margins were completely blurred 
and slightly elevated, and the physiologic 
depression was obscured. Slight venous 
dilatation existed, and spontaneous venous 
pulsation was absent. Minimal external 
pressure clicited venous collapse. Fine 
capillary dilation was apparent on the dise 
Surface. Glistening retinal edema encircled 
the «ise, extending out about 1 dd. A num- 
ber of fairly large and dense flame-shaped 
hemorrhages were clustered about the dise. 
Macula and periphery were completely nor- 
mal. There were no visual symptoms. Ex- 
ternal ocular examination was entirely 


Oliver—Havener 


negative, (Specitivially, no exophthahnes or 
extraocular muscle paresis existed.) Ab- 
domen. Liver and spleen were not enlarged, 
Iextremities: Pain and tenderness in both 
legs, more on the left, particularly medial 
and inferior to the tibial tubercle. There 
Was no swelling, heat, or redness. There 
Was no weakness, sensory disturbance, or 
reflex changes, nor were there signs of 
meningeal irritation, Mentation was normal 
to bedside testing. 

Jaboratory data, | Vemoglobin, 12.9 
£11/100 ml.; white cell count, 8080 per cubic 
millimeter, with a normal differential count; 
platelets, normal on apearance; blood urea 
nitrogen, 24 mg/100 ml. COz, 21 mEq/li- 
ter; chloride, 102 mitq/liter; total base, 
149 mllq/liter; total protein, 7.3 gm/100 
mL; albumin, 3.6 gin; globulin, 3.7 gm/100 
mi; calcium, 10 mg/100 mL; inorganic 
phosphate, 3.5 mg/100 mb; alkaline phos- 
phatase, 3.5 Rodansky units; cephalin floe- 
culation, 1+; thymol turbidity, normal: 
cholestero!, 94 me/100 inl; proicin-bound 
iodine, 9.64¢/100 mil. (Sept. 20, 1956); 
repeat, 4.8n¢/100 ml. (Oct. 25, 1956). 
Bh. M.R., normal. Skeletal survey including 
long bones, spine, and skull, normal. Luni- 
bar puncture (supine), crystal-clear uid; 
initial pressure, 600 mm, HzO; cells, 3 per 
cubic millimeter; sugar and protein, normal. 
IEG, normal. Fasting serum carotene and 
xanthophyll (Sept. 11, 1956), 264y¢/100 
ml. (normal, 75g. to 1S0ng.) and 
135yg/100 m!. (normal, 40pg. to 80 yg.), 
respectively; on Feb. 4, 1957, 195/100 
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_ Fig. I3—Fasting vitamin A levels. Shaded area 
indicates normal range, 
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ml, and 98n¢/100 ml, respectively. The 
fasting vitamin A levels are) shown in 
Figure 3. 

Course. A diagnosis of chronic hyper: 


yitaminosis A was made on admission, and. , 


All medications were discontinued, Symp- 
toms and signs began to abate within a 
week, and the patient was entirely asymp- 
tomatic, except for continued loose hair, 
after two weeks. She was discharged on 
Sept. 17, 1956. When examined on Oct. 
6, 1956, there were no abnormalities, except 
that alopecia and superficial acne vulgaris 
(unchanged from before) were noted, Oph- 
entirely 
retinal 


thalmoscopic — examination 
normal, the 

hemorrhages. scalp 
which was of fine texture, was not observed 


until six weeks after the vitamin A was 


was 
with no residue of 


Regrowth of hair, 


stopped. Menstrual periods became normal 
in duration two months after medication 
was stopped. The patient has remained 


asymptomatic for nine months. 


ALM AS ARCHIVES OF OPHTHALMOLOGY 


Summary 

The syndrome of chronic vitamin A in- 
toxication includes the central nervous sys- 
tem manifestations of inereased intracranial 
pressure, mild exophthalmos, loss of hair 
including brows and lashes, cutaneous erup- 
- tions and pigmentation, migrating arthritic 
puns, hypoprothrombinemia, hepatomegaly 
and splenomegaly,  hypomenorrhea, — and 
generalized malaise, 

* A case of chronic hypervitaminosis A in 
‘a I4-year-old girl is presented. 

The vitamin A fevels were detennined hy Gil- 
bert Furbes, M1, Rochester University School 
of Medicine and Dentistry. 

Dr. Sophie Rogers gave permission to report 
this case, and Prof. Jack Prince did the retinal 
photography. 

Wniversity Hospital (10). 
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Summary 

An analysis of the recent eaperience with sub- 
acute thyroiditis at the Hitchcock Clinic shows that 
there is good reason to believe that the disease is 
more common than our statistics would indicate. 
The diagnosis may be overlooked and the patient 
treated for pharyngitis, or some similar condition, 
while the thyroiditis runs its clinical course. It 


- seems probable that some patients simply do not 


report the symptoms to a physician when the dis- 
case is not particularly severe. 

The major reasons for delay in diagnosis were 
either failure to consider the possibility of thyroid- 
ilis or failure to palpate the thyroid gland. ‘The 
management of symptomatic treatment is relatively 
satisfactory. Patients with mild cases may need 
only aspirin, but generally the more severe symp- 
toms require specific medication, such as with 
adrenal steroids, or x-ray therapy. The response to 
steroid therapy is dramatic. 
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VITAMIN A INTOXICATION AS A CAUSE OF PSEUDOTUMOR CEREERI 


\ 


we oe George Morrice Jr., M.D., William H. Havener, M.D. 


Frederick Kapetansky, M.D., Columbus, Ohio 


Pseudotumor cerebri is a syndrome of uncertain 
and probably multiple etiology. It presents the 
_ picture of increased intracranial pressure with head- 
ache and papilledema. Localizing neurological 
signs such as extraocular muscle palsies are most 


-, uncommon. Complete neurosurgical diagnostic pro- 


-eedures are clearly indicated to rule out brain 
tumor, but their results are negative in pseudotumor 
_cerebri. The increased intracranial pressure is self 
limited, of some months’ duration, and causes Jittle 
- damage, except that, in untreated severe cases, the 
patient may go blind from optic atrophy. Although 


’\\ subtemporal decompression effectively reduces pres- 


~ sure, this surgical therapy has been superseded by 
acetazolamide (Diamox) therapy. Acctazolamide, in 


" ¥ doses of 500 mg. twice daily, will ordinarily bring 


intracranial pressure within normal limits. The 
highest incidence of pseudotumor cerebri is in ado- 
lescent or young adult females, usually those who 
are overweight.’ 


Recognition of chronic vitamin A intoxication as 
a cause of the pseudotumor cerebri syndrome is im- 


. From the Depertment of Oplithalinology, University Hospital. 


Three girls aged 14, 15, ond 16 yeors 
had diplopia, popilledema, and other symp- 
toms suygesting brain tumor, In addition to 
various individual complaints, each had hy- 
pomenorrhea, alopecia, and rhagades or 
other marked forms of dermotosis. They hod 
been toking, respectively, 200,000; 200,000, 
ond 90,000 units of vitamin A per day. 
Treatment consisted in stopping the intoke 
of vitamin A; in addition the oldest patient 
received acetazolamide as a diuretic. The 
symptoms subsided rapidly, but in the oldest 
patient slight blurring of the margins of the 
optic disks were still present six months later. 
Alopecia, thagades, nonspecific dermotitis, 
migratory arthralgia, -hepatosplenomegaly, 
and hypomenorrhea are important in the 
differential diagnosis between the pseudo- 
fumor cerebri of chronic vitamin A intoxica- 
tion and true intracranial tumor. 
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portant, because withdrawal of the excess vitamin 
A cures the patient; also expensive, uncomfortable, 
and hazardous neurosurgical diagnostic procedures 
may be avoided. Diagnosis of chronic vitamin A 
‘intoxication is simple, providing the physician is 
aware of the syndrome. In all cases of pseudotumor 


*< cerebri the patient and her family should be eare- 


fully questioned, as the vitamin administration may 
have been suggested by friends or a druggist and 
not prescribed by a physician. After some months 


~- of daily ingestion of 100,000 units or more, the pa- 


tient develops dryness, roughness, and desquama- 
tion of the shin; fissuring of the angles of the lips; 
» loss of hair; migratory bone pain; hypomenorrhea; 
palpable enlargement of liver and spleen; and 


" inereaséd intracranial pressure. Naturally, the pres- 


ence oi the findings and their severity is subject to 
considerable variation, depending on, individual 
susceptibility and the amount of vitamin A intake. 


"A typical papilledema develops and is opthalmo- 


er scopically indistinguishable from the papilledema 


of brain tumor.’ Great emphasis must he placed on 
the fact that the papilledema may not disappear for 


“from four to six months after vitamin A is discon- 


_tinued. Unless the physician realizes this, his con- 
fidence is shaken in advising against arteriographic 
and pneumoencephalographic examination. Pre- 

- sumably, this persistence of papilledema is related 
to the large amounts of vitamin A that are stored in 
the liver. 

At times, large doses of vitamin A have been 

. urged for skin, eye, renal, gynecologic, and ear dis- 
orders as well as the common cold. The recon- 


» Mended daily requirement of vitamin A is 5,000 


“units in adults, increased to 6,000 units a day during 
pregnancy and 8,000 during lactation. Vitamin A in 


-. large doses is prescribed most commonly by derma- 


, 


tologists for acne vulgaris, although such use rests 
‘on only empirical grounds. Oliver? has suggested 
_that if vitamin A is used at all in treatment of skin 
- disease, a clinical trial should extend not more than 
two months, at a dosage which does not exceed 


50,000 units daily, and labels on vitamin A products 


should include a warning of possible intoxication 
due to excess dosage. Case historics of three pa- 


"+7. tients with vitamin A intoxication follow. 


Report of Cases 


ae Cast }.~A 14-year-old girl was admitted to Chil. 


dren's Hospital on Sept. 11, 1956, with the chicf 


“complaint of leg pain «f five weeks’ duration. Two 


years prior to admission, the patient developed 
superficial nonpitting acne vulgaris, for which, 10 
months prior to admission, 200,000 units of vitamin 
A daily had been prescribed by a dermatologist. 
Two months prior to admission she had her Jast 
normal menstrual period, succeeding ones occurring 
“at the normal interval but scanty and of one day's 
duration, About the same time the patient noted 
scaling und cracking of her lips aud fissuring at the 
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corners of hier mouth, for which she used a number 
of salves without success. Five weeks before ad- 
mission, she began complaining of dull constant 
pain in her legs, particularly about the knees, which 
was aggravated by activity, At this time she was 
seen by her private physician, who directed that 
vitamin A he discontinued. This advice was not 
heeded by the patient, unknown to either her fam- 
ily or the physician, In the month prior to admission, 
leg pain worsened. She walked with a noticeable 
limp, favoring, her left leg, and was unable to con- 
tinue in gymnastic activities at school. She observed 
that her scalp hair became dry in texture and fell 
out in large quantities with brushing. A maculo- 
papular eruption on her trunk and desquamation 
of her palms and soles developed. Tie family ob- 
served during this period that she manifested in- 
creasing irritability, but there were no specific 
symptoms of central nervous system involvement. 
No bleeding or bruising was noted. Appetite re- 
mained good, although the patient was on a self- 
imposed, rather rigid dict because of the acne. 

Family history was'noncontributory. The patient's 
own history was essentially unremarkable. Me- 
narche occurred two and one-half years prior to 
admission, and menstrual periods had been normal 
up to the present illness. 

Physical Examination.Wer weight was 54 keg. 
(129 Ib.); height, 169 em. (5 ft. 5 in.); and blood 
pressure, 130/70 mm. Ig. The face was the site of 
superficial nonpitting acne vulgaris and milia. The 
lips were scaled and cracked, and there were fissures 


“at the corners of the mouth. Over the trunk and, toa 


lesser degree, on the extremities was a fine discrete 
light-tan nonpruritic papular eruption. The skin was 
dry, and the palms and soles were desquamating, 
The underlying skin in these areas was delicate and 
thin, Nikolsky's sign was absent. The scalp hair 
was dry and loose and there was moderate alopecia. 
The pubic and axillary hair was normal. As scen 
in figure 1, the typical appearance of early papill- 
edema was present in each eye. The disk margins 
were completely blurred and slightly elevated, and 
the physiological depression was obscured. Slight 
venous pulsation was present. Minimal external 
pressure clicited venous collapse. Fine capillary 
dilatation was apparent on the disk surface. Glisten- 
ing retinal edema encircled the disk, extending out 
about 1 disk diameter. A number of fairly large and 
dense flame-shaped hemorrhages were clustered 
about the disk, The macula lutea and periphery were 
completely normal. There were no visual symptoms. 
External ocular examination was entirely Negative. 
(Specifically, no exophthalmos or extraocular muscle 
paresis existed.) - 

The liver and spleen were not enlarged. Pain and 
tenderness existed in both lees, more in the left, 
particularly medial’ and interior to the tibial 
tubercle. There was no swelling, heat, or redness. 
There was no weakness, sensory disturbance, or re- 
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flex changes, nor were there signs of meningeal 
irritation. Mental functions were normal to bedside 
testing. 

Laboratory Data.—Wemogiobin level was 12.9 
Gm. per 100 ml; white blood cell count, §,050 per 
‘cubic millimeter, with a normal differential count; 
platelets, normal in appearance; blood urea nitrogen 
level, 24 mg. per 100 ml.; carbon dioxide level, 21 

“mEq. per liter; chloride level, 102 mEq. per liter; 
total base, 149 mEq. per liter; total protein level, 
7.3 Gm. per 300 ml., with 3.6 Gm. of albumin and 
3.7 Gin. of globulin per 100 ml.; calcium level, 10 
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Fig. 1 (case 1).—Papilledema;, as photographed at time of 
- diagnosis. ; 


“mg. per 100 ml.; inorganic phosphate level, 3.5 mg. 
-per 100 ml; alkaline phosphatase, 3.5 Bodansky 
units; cephalin flocculation, 1+; thymol turbidity, 
normal; cholesterol level, 94 my. per 100 ml.; pro- 
tein-bound iodine level, 9.6 meg. per 100 ml. (Sept. 
20, 1956), repeat value, 4.8 meg. per 100 ml. (Oct. 
25, 1956); and basal metabolic rate, normal. The 


skeletal survey, including long bones, spine, and ” 


skull, showed normal findings. Lumbar puncture 
(supine) showed crystal-clear fluid; initial pressure, 
600 mm. 11,0, with 3 cells per cubic millimeter and 
‘normal sugar and protein Jevels. Electrocncephalo- 
graphic findings were normal. Fasting scrum 
carotene and * xanthophyll levels (Sept. 11, 1956) 
were 261 meg. (normal, 75 to 150 meg.) per 100 ml. 
“and 135 meg. (normal, 40 to 80 meg.) per 100 ml., 
respectively; on Feb, 4, 1957, 195 andl 98 meg. per 
: 100 nl, re spective ly. The fasting vitamin A levels 
are shown in figure 2, 
Course.—A diagnosis of chronic hypervitaminosis 
A was made on admission, and all medicaments 
were discontinued, Symptoms and signs began to 
abate within a weck, and the patient was entirely 
usyimptomatic after two weeks, except for continued 
louse hair, She was discharged from hospital on 
Sept. 17, 1956. When examined on Oct. 6, 1956, no 


i 


VITAMIN A INTOXICATION—MONRICE ET AL. : 


J.A.M.A., Aug. 20, 1960 


abnormalities were seen except alopecia and super- 
ficial acne vulgaris, unchanged from hefore. Oph- 
thalmoscopic examination showed entirely normal 
findings, with no residue of the retinal hemorrhages. 
Regrowth of sealp hair, which was of fing teature, 
was not observed until six weeks after the vitamin 
A therapy was stopped. The patient had remained 
asymptomatic for nine months to the “me of 
writing. 

Case 2.—A 16-year-old girl was admitted to ‘Uni- 
versity Hospital on March 11, 1959, with the chief 


‘complaint. of double vision for from five to six 


weeks prior to her admission. For the past three and 


one-half to four years, she had been taking 90,000 


units of vitamin A daily for her acne. Since the acne 
would regress during the summer months, she 
tended to decrease or even abstain from medication 
during the hot months. During the fall, prior to her 
admission to the hospital, she noted for the first time 
that her Jegs and hands were covered with red, 
scaling lesions. Also, there were fissures at the 
corners of her mouth and her lips scaled continu- 
ally. She further noted more than the usual amount 
of falling hair during this time. For the six wecks 
prior to admission, she noted persistent horizontal 
diplopia. She had a complete physical examination 
by her family doctor who suggested that the vita- 
min A injection might be the cause of her symptoms, 
FASTING-VITAMIN A 


USP Units PER 
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Fig, 2 (case 1).—Fasting vitamin A ofne Shaded area 
indicates normal range. 


-and requested that she discontinue its use. She did 


so without any immediate symptomatic relicf and 
was admitted to the hospital for further study. 
The patient had become increasinyly irritable 
during the past year but denied specifie central 
nervous system symptoms, She had lost Lf th. dur- 


‘ing the previons year but had been on a. self- 


imposed rigid dict. She denied casy bruising or 
bleeding. Her previously normal menstrual pesiods 
had become irregular, with only scaaty flow. 
Physical Examination.—She weighed 57 kg. (125 
Ib.); height, 160 cm. (5 ft. 7 in); blood pressure, 
122/80 mm. Hy. The skin of the upper cheeks and 
forchead had several smal! pits from previous acne 
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vulgaris. The lips were scaled and cracked. In the plopia persisted. There had been no change in her 
corners of the mouth, there were small fissures, The inenstrual periods. When asked, her mother com- 
skin was dry, and there was fine dry scaling over mented that hair had corne out in handfuls on re- 
the forearms, hands, and feet. Scalp and pubic hair cent washing. 
were nonnal. The optic disks bilaterally showed On examination, there was found an alert, quict 
slight clevation with blurred margins. ‘The veins girl of stated age who weighed 57 kg. (125 Ib.). Her 
were slightly dilated and spontancous venous pulsa- hair was soft, fine-textured, and markedly thinned 
tion was absent. There was capillary dilation on the on the forehead and over the ears. There were 
surface of the disk and a linear hemorrhage just off pitted acne scars of the face, and the remainder of 
the disk of the left eye. The retina surrounding the the skin was dry, scaly, and thickened. She had! 
disk was glistening and edematous for from ‘2 to 1 bilateral papilledema, with scattered perivascular 
disk diameter distance, The macula lutea and linear hemorrhages. In the right retina there was a 
periphery were normal. The external eye examina- sharp white patch of exudate. Cardiovascular exam- 
‘tion was negative. No abdominal organs were ination was norma! with a blood pressure of 195/80 
+ palpable. No bone pain or tenderness was present. mm. Hg. Tho spleen was palrable three finger- 
Laboratory Data.—Hematocrit determination was breadths below the Jeft costal margin, non-tender, 
‘40%; white blood cell count, 4,300 per cubic milli- and firm. Neurological examination was normal, in- 
"meter, with a normal differential count, platelets, cluding angiographic and pneumoencephalograph- 
‘normal on smear; urine, normal on voided speci- ic examination. 
“men; alkaline phosphatase level, 10.29 Bodansky Her red blood cell count was 4,720,000, with a 
* units; electroencephalographie findings, normal; and platelet count of 320,900 and a coagulation time of 
fractional pneumoencephalographic findings, nor-. —. nine minutes, The alkaline phosphatase level was 
mal. The bone survey included normal findings of 2.9 Bodansky units and acid phosphatase level 0.1 
chest, hands, and fect. The skull showed minimal Shinowara-Jones-Reinhart units. The serum calcium 
.. separation of the suture lines. Lumbar puncture level was 10.0 mg., and the serum phosphorus level 
showed crystal-clear fluid; opening pressure was was 2.5 mg. The carotene blood level was 38.8 
.. 50 to 70 mm. HO (after pneumoencephalographic (normal 10 to 20) Blue units per 100 ml. Serum 
* examination), with 21 lymphocytes per cubic miili- electrophoreiic patie was compictely normal. 
-. + meter aud normal protein and sugar levels. Visual The therapy consisted of stopping the vitamin A 
‘+ fields showed enlarged blind spots. medication. ‘The diplopia disappeared on July 2, 
Course.—On treatment with diuretics, the patient but the papilledema did not completely subside 
- noted immediate improvement in visual complaints until Sept. 9, 1958. 
and lost seven pounds of weight. Papilledema per- ’ 
-sisted unchanged for several months and then 
‘, gradually decreased. Slight blurrmg of the disk Chronic vitamin A intoxication will produce a 
margins was still present on Aug. 11, 1959. syndrome consistent with the diagnosis of pseudo- 
Case 3.—A 15-year-old girl, on May 15, 1958, tumor cerebri. Diagnosis is made by the associated 

.. noted some chapping of her arms, with cracking presence of typical skin disorder, hair loss, hepato- 
and peeling of her lips, as well as some ankle joint megaly and splenomegaly, bone pain, somnolence, 

’ stiffness. On the weekend of June 6, she slept con- mental irritability, anorexia, diplopia, and hypo- 
tinuously and was somnolent for the next two days. menorrhea. Papilicdema due to chronic vitamin A 
On June §, she had diplopia, and the next day she intoxication may require some months to disappear. - 
had headache, ringing in her ears, nausea, and The use in skin diseases of vitamin A in Jarge doses 
anorexia. She was examined by Dr. J. E. Edwards over many montlis is questioned, and any patient 
of Lancaster, Ohio, on June 11, with findings of receiving such medication should be carefully ob- 
splenomegaly and bilateral papilledema. He sus- served for toxicity. .: 
pected vitamin A poisoning because of her somno- 310 W. 10th Ave. (10) (Dr. Havencr). 

‘ Jence, anorexia; and peeling of the skin, so inquiry 

"\. was made as to the possible intake of this vitamin. 
‘It was learned that she had initially been given 
_/ vitamin A, 50,000 units a day, by her druggist, which 

was later increased to 200,000 units per day by a Pegg ae be ae Tr. Am. Acad. 
" 4 H ef * * A ohith, G2s432-4° ATay-jJunc JS. 
ee. seed tol na ay to have "2 Havener, W. HL: Differential Diagnosis of Papilledema, 
aso ig Beabscsiheie dead NU Ohio M. J. 6 111096-1097 (Nov.) 1955. 
Dr. Edwards discontinued therapy with vitamin 3. Oliver, 1. K., and Havencr, W. H.: Eye Manifestations 
A and referred her to a Jocal ophthalmologist who, of Chronic Vitamin A Intosication, A. M.A. Arch, Ophth. 


because of the pupilledema and retinal hemor- 081922 (July) 1953. 


pene ee pie siitaal tag musts 4. Gerber, A.j Waab, A. P.; and Sobel, A. E.; Vitamin A 
thay s, Wished her to have neurosurgical investiga- Palconing it; Adults, Arm. J, Med, 16:729-748 (Muy) 1954. 
tion. By June 30, her appetite had improved and 5. Oliver, ‘I. K.: Chronic Vitamin A Tatonication, ALM. A, 


she was no longer sleepy or readity fatigued. Di- Am. J. Dis. Child. 9157-67 (Jan.) 150. 


Summary 


. 


tere. meee: 


Doctor George Stine granted permission for the report 
of one case. 
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Acute and chronic pglaememes 


Willian K. Woodard, M.D.,* Leroy J. Miller, M.D., and Omar Legant, M.D. 


ALBUQUERQUE, N. MEX. 


T ¥ purpose of tnis Paper is to report the 
case of a 4-month-old infant with clinical 
manifestations of acute and chronic forms of 
hypervitaminosis A. We belicse this to be 
the youngest infant with manifestations con- 


“sidered to be those of the chronic form of 


the disease 

Hypervitaminosis A has been diagnosed 
with increasing frequency since Joseph's! 
original description in 1944, and several 
reviews of the literature have appeared.*-# 
Catey* pointed out that the minimal ob- 
“served Preclinical latent period of the chronic 
Torm was 6 months and that the longest was 
15 months; the length of the latent period 
did not appear to depend on the size of the 
“overdose. j 
"Vitamin A intoxication has been observed 
in acute ar.d chronic forms. Maric and Sec? 
first drew attention to acute poisoning in the 
infant following the adininistration of tery 
large quantities of vitamin A to 4 infants, 
aged 34% months, 7% months, 3 months, 


and 4 months, respectively. The cl 
terns were usually characterized by 
onset of hydrocephalus with intensis, oulg- 
ing of the fontancl, frequent vorniting, and 
agitation or insomnia without ineningeal 
signs or other systemic complaints. The dis- 
turbance began within 12 hours after in- 
gestion of approximately 300,000 units of 
vitamin A in each case. Symptoms in the 
acute form subsided rapidly and drzmati- 
cally after cessation of administration of 
vitamin A, usually within 24 hours, even 
though the scrum vitamin A level remained 
high 

The chronic form of hypervitarainosis A 
is characterized by an insidious onsct with 
Constitutional syinptoms.* The n:anifestations 
include anorexia, dry itchy shin, alopecia 
with sparse, coarse hair, angular fissures or 
cracking of the lips, hepatosplenomegaly, 
and tender subcutancous swellings over the 
long bones and skull. Cortical thickening of 
the long bones is usual after vitamin A has 
been given in excess for 6 to 15 months. An 
erythematous rash has been described. 
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Ps First admission. This 2-month-old Cauca- 


sian male was born after an uneventful 
gestation period and normal delivery. Birth 
weight was 8 pounds. The neonatal period 
and subwquent course of the patient were 
apeventful until 2 aths of age. 

The infant was given Similac powder, 1:2 
for the first month, then Varamel, 1:1. Solids 
were introduced at 1 month and at 2 months 
of age, 3 solid meals and 4 bottles of formula 
were being given. Through Misinterpretation 
of the pediatrician’s instructions, Trivisol, 
8.4 cc. had been given daily since the fourth 

“day of life. The total vitamin A ingested 


* was 70,000 units from the vitamin prepara- 


“tion plus that in the prepared formulas, 
at least 71,500 units daily. 

Past and family histories were essentially 
Roncontributory. The mother was 18 years 
of age and in good health; the father was 20 


years old, living and well. A paternal great-_ 


aunt had tuberculosis, and the mother had 
expericnced hematuria on one occasion in 
childhood. 

At 2 months of age the mover noted 
bulging of the infant's anterior fontancl with 
Ro other symptoris except irritability. A 
pediatrician confirmed the presence of the 
bulging fontanel. Subdural and lumbar taps 
were performed, but the only abnormality 
noted was increased intracranial pressure. 
Cheinica! values of the spinal fluid were 
within nonnal limits. Brain tumor, en- 
cephalitis, or hydrocephalus was Suspected 
The patient was then sent from an outlying 
district to Albuquerque, New Mexico, fer 
consultation. 

Physical examination failed to show a 
bulging fontanel after a luinbar puncture. 
Hospital admission orders did not include 
Vitamins. 

X-rays of the skull revealed the calvarium 
to be symmetrical and average in dimension 
for a 2-month-old infant. There was no evi- 
dence of increased jonarranial pe ssp 


Pate te be manualh tyen, 
WMawcranial Caleihcations were 
Rewncephalogeam detected “msi 
night and left lateral sentricles 
Ponnal in contour and Peritio 
Ptession was “consistent with : 
atrophy.” Because of the Suspe 
destruction, surgical exploratic 
fonned at the site of the bon 
abnormality of the bone or du 
The latter was Opened, discloses 
mality of the brain or leptons 
After one v cck of hospitaliza 
Hent was asymptomatic and wo 
At hoine, the excessive dow ¢ 
843 again resumed 7 ‘infa 
“clinically well uns! appronunas 
slater when “a lump” was notes 
side of the head dircetl above 
the right ear. This was bony a 
anc nontender. Scalp hair was f 
+ patches, inarked invitability was 
the infan Sept less than usual 
Prior to the wcond admis-ion, i 
that pi hing the infant up by 
elicited pain, as did any pronat 
tion, or abduction of the right 
of 101° F. was noted Tuo 
admission bulging of the ante. 
occurred and repeated projec: 
was observed for the first tine § 
readmitted for further s: 
Second admission. Phy sical 
disclosed a well-developed child 
of age. The infant was very 
lethargic. Teinporal subcutanee 
bilaterally were present. Scaly 
patchy in distribution with areas 
Finger- and toenails were intact 
mal consistency. There was mar 
tabes. The anterior fontanel wa 
bulging, giving the appearance 
room. A tympanitic note was el 
percussion of the head. The spl 
palpable, but hepatomegaly exter 
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Fig 1. At 2 months of age a ¢ fect was present in 
the tdline of the skull through the parietal bone 
which was believed to represent a developmental 
vanant (persistent panetal sagittal fontanel). 
There was no radiographic evidence of increased 
intracranial pressure. 
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X-rays of the chest revealed subpesiost 
new bone formation ~bout the mid-third 
both clavicies, Films of the cervical sp 
mandible, and beth lower extremitics 
cluding the feet, revealed no 2bnort 
Re-examination of the skull showed iat the 
irregular defect in the posterior porocasl 
bone, noted 5 weeks previously, had been 
somewhat widencd by operation but was 
otherwise unchanged in appearance. There 
was a small soft tissue bulge through the site 
of the defect. : 

Progress. Vitamins were not given in the 
hospital. The patient became afebrile with- 
out medication and gradually beca:ne more 
alert. A proprietary fonnula containing vita- 
mins was ordered on admission but discon- 
tinued when the 
‘Two days after admission the pati nt was 
mesing both anms fairly well. He continued 
to improxe dramatically and was diwharged 


Fig. 3. Child at 4 months of age. Spotty alopecia 
with mushroom effect from increased intracranial 
pressure war observed 


skull failed to reveal the previously described 
defect and the clavicles were again normal 


gnosis was si.pected DISCUSSION 

Caffey? in his original paper descriles the 
difficulty in differentiating infantile cortical 
hyperostosis and hypervitaminosis A. He 
points out that there are two features com 
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outline by being diagnescd clinica! 
the first tomonths of fife and by 
of metatarsal lesions on x-ray exa 
In addition, bony lesions of the si 
never been described in hypervitan 
At first admission to the hospital, 
the chest showed th clavicles we: 
in appearance. On subsequent ad: 
weeks later, cortical hyperostoces we 
along the mid-third of the shafts 
clavicles consistent with that dew 
chronic vitamin A poiwning. Altho 
tered soft tisue sucilings were see 
time, a skeletal suney showed no a 
hyperostosis. Re-cxamination 5 mon 
when the patient was clinical el! 
the clavicles had returned to norma 
ance. 
At the ori : 

om. defect was prese 

of the parictal bone in the midi 
scalp was flat over this defect, and t 
no radiczrap} fence of increas 
Cranial presere afvical exp‘ora 
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“animes A were described Central nervous 
system manifestations were not cotamien in 
tte chronic form, occurring only in abot 
20 per cent. 

Toomcy and Morissette’ performed the 
crucial experiment by feeding their patient 
excess vitamin A to teproduce the clinical 
picture of hypervitaniinosis A. In other ex- 
perimental studies involving humans, Marie 
and Sec* found that many of the clinical 
features of hypervitaminosis A disappeared 
when excessive vitamin A intake was stopped 
but promptly reappeared when the excessive 
dose was readministered. The serum vitamin 
A level, after an initial sharp fall, remained 
elevaisd for weeks, tapering off slowly to 
normal levels Prompt exacerbation of symp- 
toms is apparently possible with reingestion 
of excessive vitarnin A before the saturated 
liver stores are depleted. This holds true with 
pure vitamin A as well as with &sh liver oil 
concentrates. 

The intriguing but unknown cause of in- 
creased cerebrospinal fluid pressure occurring 
in the acute form is particularly interesting. 
Although the nicchanism: is unknown, Bass? 
suggests that excess formation of spinal Auid 
occurs, Equally mysterious are indications of 
similar incresse in cercbrospinal Maid pres- 
sure with certain tetracycline derivatives, 
and there are reports’® that the same phe- 
nomena may result from avitaniinosis A in 
humans. 


SUMMARY AND CONCLUSIONS 


1. This case report deals with what we 
believe to be the youngest patient with hyper- 
vitaminosis A. The diagnosis was made at 4 
months of ace, but clinical manifestations 
were present at 2 months of age 

2. The patient had symptoms and signs 
of both the acute and chronic forms of the 
disease at 4 months, characterized by in- 
creased intracranial pressure, bulging fon- 


tanch accotupanied by Youuting, trstatlabity 
and drowsiness, hyperostesis of clavicles, 
fender subeutancous swellings, and spouy 
alopecia. Discontinuation of vitamin A in- 
take was followed by srompt improvement 
Exacerbation of all the syrnptoms followed 
resumiption of the excessive dose of vitamin 
A, the symptoms again cleared promptly 
upon discontinuing the vitamin A 

3. Shull lesions were present in this case 
and probably represent a coincidental de- 
velopmental variant. The possibility that the 
lesions are related to hypervitaminosis A is 
mentioned. 
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Congenital bile duct stenosis 


Intrubepatic cholangiocbolecy stojejunostoniy 


(Roux Y) with removal of tutrabepatic stones 


James D. Hardy, M-D., FA.CS.* 


JACKSON, MISS. 


Atresta of the extrahepatic bile ducts of 
congenital origin constitutes a largely un- 
solved problem in the newborn infant. Al- 
though occasionally the point of occlusion 
lies sufficiently distal to permit successful 
anastomosis of the proximal biliary tract to 
the alimentary tract, all too frequently the 
point of occlusion involves the right and left 
hepatic ducts and even the ducts within the 
liver itself. When this high level of obstruc- 
tion is encountered, the surgeon has little 
choice but to close the abdomen. Neverthe- 
less, some of these infants with bile duct 


a patient may live even longer. It is possible 
that very occasionally a patient may live 
long enough to permit the dilatation of in- 
trahepatic bile ducts sufficiently to permit 
anastomosis of such a duct to the alimentary 
tract. 

The present report deals with a case of 
congenital stenosis of the bile ducts involving 


both the right and left hepatic ducts. The 


From the Department of Surgery and University 
Hospital. U. rity of Musissipp: Medical 
Center, Jackson, Miss. 
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intermittently jaundiced froin b 
reached the age of 14 years before seven 
tacks of pain with cholangitis and jaur 
necessitated exploratory operation with ¢ 
tual anastomosis of a 
might hepatic duct to 
through the intennediary gall bladder. Ih 
venous cholangiography prcoperatively 


disclosed marked dilation of the inteahey 


1 branch ol 


bile ducts. At operation the biliary ere 
both lobes of the Liver was filled by injes 
of radiopaque medium into a single br 
of the right hepatic duct. A large numb 
stones fivacd from the biarch of the 
hepatic duct as bile escajnd uncer es 
Many a y 
mained in the bile ducts throughout 
liver, emohasizing acain the stasis fact 
biliary stoce formation and especially is 
presence of inter: 


dditior siones undoul ty 


CASE REPORT 


D. D, a 14-year-old Negro boy, was 
admitted to the Uni ersity Hospital on 
15, 1959, with the complaint of jaundice 
ciated with pain in the ¢ upper qua 
of the abdomen and fever. In essence, k 
had intermittent attacks of such syiny 
since birth, and in fact he had t& cppdn 
fe e | itn 

@ 
~ 


_ 9 New Eng. J. Med. 265:269-73, 1961 
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‘oe Dr. Donald N. Adler, resident in obstetrics and gynecolory 
wt Harbor Hospital. for collaburation in toe studics of umbili- 
al-cord blood and placentas. 
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VITAMIN A INTOXICATION IN ADULTS 
Report of a Case with a Summary of the Literature 


Wituam HH. Srimson,; M.D.* 


SEATTLE, WASIIINGTON 


REVIOUS summaries have considered the symp- 
toms of vitamin A excess in children and adults 
together. Most of ihem have been published in 
pediatric journals. Because of the striking uniformity 
of the major symotoms in adults it seems worth whiic 
to analyze them slone even though only 6 cases have 
previously been reported. Although the symptoms are 
quite troubling to the patient they are often so 
mundane that the physician dees not readily pursuc 
them to a diagnosis. It is hoped that with broader 
awareness the phenomenon may be recognized earlier 
and its future occurrence prevented. Two distinct 
types exist, acute and chronic. “The acute, which is 
ustally duc to a large single dose, is self-limited and 
“results in spontanvons recovery, “Vhe chronic may be 
unrecognized for years. Cases suinnarized here were 
all of the chronic type. 


Case Reroarr 


On January 5, 1960, a 32-year-old homemaker, a former 
nurse, was ecfereed to the Clinic in Internat Medicine at the 
United States Public Health Service Hospital with a puzzling 


picture of intermittent abdominal pain and tenderness, 
anorexia, nausea, casy fatizaluity, low-back, cight-nip and 
tibial pain, hepatorplenomevaly and leukopenia. 


Medical durctor and chiel, Medical Seevice, United Ststes Public 
Health Servi e Uemystal 


In May, 1958, she had Leea seen at this hospital because 
of the onset of nausea and richt-lower-quadrant pain and 
tenderness. The white-ccil count was 7109. and she was 
theught to have subsiding acute appendicitis. Two weeks 
later she was again seen with the same syvinptoms and a 
{feverish feeling. ‘The temperature was 99.6°F. The richt 
lower quadrant of the alsiomen was tender, with slight 
guarding but no rebound tenderness. The white-cell count 
was 4900, with a nornfil differcntial. A plain film of the 
abdomen and a gall-hlaudder series were normal. About ! 
year later she was seen because of epigastric and subcostal 
discomfort, which tended to migrate to the right lower 
quadrant of the abdomen., In addition, she had noted 
malaise and easy faticability and had acquired the habit of 
takine afterzoon naps. Mild anoreata had caused her to 
omit accasional micals, Again right-lawer-quadrant tender. 
new was present. The spleen had become palpable just be- 
low the left costal anasein. The white-cell count was 3200, 
with § per cent hand forse, 47 pee cent neutrophila, 33 per 
cout lymphocytes, pee t tone ytes, & pee U ceovinnene 
peloede ceased Po poem cent Eeacenpeleile,  Abscleoerienel syarepeterree treed 
signs sulseled over the next few dave, but mabese and 
lethargy persisted. In September, 1959, mild aching de 
veloped in the right sacro.liac and hip regions. In December 
she returned because of urinary frequency and urcency aad 
a sensation of pressure in the suprapubic area. The spleen 
and liver were readily palpable. and there was tenderness in 
the rictht lower quadrant of the abdomen. Urinalysis was 
negative. ‘The white-cell count was 4500, with 3 per cent 
band forms, 38 pee cent neutrophils, S' per ceut iyinpho- 
cytes, 2 per cent nunovytes and 3 per cent cosmophils. The 
hemocloiin was Td qin. per 100 mb, and the sedunentauon 
rate (Westeraen techie) 9 min. in Lo hour, Two teas for 
LE. cells were neyjative. 

She specifically denied taking medication of any nature, 
including vitamins. Viysicai eaamunation revealed a well 
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developed and well nourished woman of about the stated 
age who appeared somewhat tired. ‘The hair was Sparse over 
the anterior central crown, The eyes were prominent, aud 
on comparison with a picture taken 10 years previously she 
thoucht that they had become more prominent. Exophtlal- 
moinetric readings were 1B.S mim. the upper Hinit of nacimal. 
Anterior and posterior cervical lymph nodes varied from 0 $ 
to 2 cm. across and were soft and freely movable, Mild 
tenderness in the right lower quadrant of the abdomen was 
elicited on deep palpation. The liver and spleen were palpa- 
ble 3 cm. below the respective costal Margins, and the liver 
was tender. Urinalysis, white-scell and dillesential counts, 
hemoglobin, heinatocrit, sedimentation rate, platelets, sternal 
bone marrow, serum tilrabin, cephatin flocculagon, thyinvel 
turbidity, bromsolfalein and serum albumin and plobudia 
were all within nonnal limite, Hetcrophil-antibody achat 
nation was necative. 

Three week. later, on her 3d visit, the patient continued 
Yo compton of persistent letharey and lick of interest in her 
daily activities. She continued to note dull pain in the cicht 
hip and sacroihac regions, and pain and tenderness had de 
veloped in the richt claviele. She stated that her husband 
thoucht that she should tell me she had been taking vitamin 
A for 5 years. One hundred thousand units daily had 
originally been prescribed by a derinatologist fur acne. She 
had continued it without prescription, at first somewhat 
irregularly but daily for the 2 years before being seen in 
January, 1950. On direct questioning she thought that her 
hair had been coming out rapidly. She had noted frequent 
bouts of painful lumps on the marcin of the tonruc, and 
the lips had required creams and lipstick to keep theni moist. 


Case No. Sovace ov Data 
CATiIUN 


Sulberger & Lasar! 
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* The liver was palpable 5 cm. below ahe right costal margin, 
and the tip of the spleen was also palpable. Tenderness was 
sull present in the right lower quadsant of the abdomen, 
Percussion over the right tibia produced tenderness, The 
serum vitamin A level was 250 1.U. (normal, 50 to 209 
1.U.), The serum calcium, phosphorus and alkaline phos- 
phatase were normal. X-ray films of the long bones were 
normal. : 

Vitamin A was abruptly stopped, and within 3 days ‘the 
Patient noted marked improvement and no loncer required 
daily naps. She felt renewed interest in hee activities, The 
hip and back pain disappeared. She continued to note mild 
subcostal disconfost for 6 weeks. At that me the liver was 
still palpable at the right costal margin, but the spleen could 
no longer be felt." The white-cell count had returned to 
nonnal. Three months after stopping vitamin A she felt 
sentitely well, “The liver and spleen were palpable. The Lips 
no loncer requised special care for dryness, The serum 
vitamin A had fallen to 104 1.U. She was still feeline 
entirely well ? months after stopping vitamin A and had 
noted none of her previous symptoms. The liver was palpa- 
ble 4 cm. below the right costal margin. Exoplithaimometric 
teadings were 18 mm. in both eyes — no change from those 
while on vitamin A. 


Compitanrion or Cases ano Discussion ov 
Symrroms anv Sicns 


All cases retain the same numbers throughout 
Tables 1-3 so that one may readily refer to the 
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original literature. It has often been necessary wo 
take slight libertics with the various authors’ words 
to group the findings more readily, but an attempt 
has been inade to avoid a change in meaning. Table 
1 identifies and lists the basic facts of each case. It 
will be noted that the smallest dose to produce symp- 
toms was 50,000 units of vitamin A daily for cighteen 
months. Some larger doses caused symptoms earlier, 
but there was always a latent period hefore they 
developed. Partial relief, particularly of general and 
musculoskeletal symptoms, was very prompt in alt 
cases upon withdrawal of vitainin A. Essentially com 
plete recovery occurred in all cases in a matter of 


1 


months. ' 


Table 2 lists the syinptoius in the 7 cases of chronic 
vitamin A intosication in adults. Totals have been 
listed to shaw the relative occurrence in this small 
group. Future experience may significantly alter some 
of these. As one can sce, the list has been deliberately 
inclusive because of the present state of ignorance, 
Nevertheless, certain features are relatively constant 


and warrant further discussion. : 
' 


Taare 1. Cases of Hypervitaminons Thus Far Reported. 


DBanv Dose Deastion we 


Tetaruant oa- 
ever Onset 
Svertome 


Duastion oF 
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Meocation 
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273,000 
100,000 
300 070 
30,€0 
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General symptoms were present in all patients, but 
by far the most significant in frequency and severity 
was a feeling of fatigue. Some patients found it 
necessary to take daily naps to permit them to per- 
form their tasks whereas others were eventually 
forced to give up their chores entirely. Lack of 
interest in surroundings was described in 2 cases and 
was implied in others. Women frequently noted 
shortening or cessation of the menstrual flow. 

All pavients had musculoskeletal symptoms, usually 
manifested by dull bone or joint pain, with occasion- 
ally severe pain. Usually, they complained of low- 
back ache that sometimes prevented sleep. Joint pain 
and sometimes stiffness, with little or no evidence of 
inflammatory involvement, was prominent. Occasion- 
ally, the pain seemed to be in the long bones, 
especially those of the legs, and was often aggravated 
by percussion. Clavicular pain and tenderness were 
present in 1 case. One prominent feature of all 
musculoskeletal symptoms was their tendency to wax 
and wane, with occasional periods of complete cessa- 
tion. X-ray changes were present in only | case and 
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revealed calcification in the pericapsulas, ligamentous, in 1 case. Although pruritus occurred in only 2 


tendinous and subperiosteal tissues. 


Most cases showed some change in the epithelial 


systcm. Loss of hair was most frequent and was often 


cases it was a prominent symptom. 
Gastrointestinal symptoms of anorexia and weight 
loss were relatively mild but could usually be obtained 


Taere 2. Symptoms and Signs. 
——oaaeeeeeeaaeeeeeeee—eee—eooooo———eEoTToeee aoe 


Svoven & Sverrom 08 Sion Sncoewy 


General: 
Fatigue 
Tnsomaia ne 4 
Decicased menetrustwoa 
Fever, mibd 
Night oweats 
Musculoskeletal: 
Bone o¢ joint paia 
Bone tender nese 
Intecuvittent paia 
X-ray changes 
Epithelial: 
Lows of have 
Desquainstion o¢ imunag of pe 
Desquamsion, gracralised 
Pigmentation o¢ sash 
Sore tonque o¢ mouth 
Pruritus 
Ouly shia 
Dry shin 
Gastruintestinal: 
Anorenia 
Weicht boss 
Neusea 
Polyuy pas 
Abdominal pais 
Vague syinptenss 
Rctic uluendethelial: 
Hepatomegaly 
Spienomegaly 
Lyoph-nove ealargemedt 
Hematologic: 
Anemia 
Leukocytoss 
Hemorrhage 
Neutropeaia 
Genitourinary: 
Frequency 
Urgency 
Incontineace, sectucia, encrssls f 
Poipuria : 
_ Neurologic: 
Headache e 
Diplopia, ayrtageus, internal strabismus, chobed dichs 
Tecseased cesebrospiaal-fuid pressure 
Eye: ‘ 
Prosninence 
Irritation & bleeding 


preceded by dryness and difficulty in grooming. It 
was usually manifested by general thinning on the 
walp, but in soine cases there was also loss of eye- 
brows and lashes and gencral body hair, including 
axillary and pubic. Dryness of the lips, frequently 
with desquamation and fissuring, particularly at the 
angles, occurred in over half the cases. The mouth 
and inargins of the tongue were sore in 3 cases, 
and 2 patients described blisters on the edge of the 
tongue. Generalized desquamation and often dusky 
pigmentation were common, and a rash was described 


No. ov Gases 
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either voluntarily or on questioning. Although it 
was present in only | case pain in the «ight upper 
and lower quadrants of the ab’: inen was an early 
and chief complaint, subsiding promptly on with- 
drawal of vitamin A. 

Hepatomegaly was definite in 5 of the 7 cases and 
in | was variable from aveck to week. Splenomegaly 
was present in only 2 cases. Mild lymph-node en- 
largement was observed in 1 case and partiaily sub- 
sided after withdrawal of vitamin A, 

Mild urinary frequency occurred in 3 and urgency 
in 2 cases and likewise subsided on withdrawal. 
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Except for 1 case neurologic symptoms were not 
Prominent in adults, in contrast to children and 
infants. In adults the only frequent neurologic symp. 
tom was headache. 

Hematologic findings were irregular. Mild anemia 
was found in 3 cases, leukocytosis in 2, and ncutro- 
penia in i. Hemorrhage was a prominent symptom 
in 1] case and probably present in another, 
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E286 
headaches, dizziness, sluggishness, irritability and 3 
strong desire to sleep coming on a few hours after 
ingestion, This is followed in a day or so by gen. 
eralized peeling of the skin and ful! recovery. 
Chronic toxicity in human beings, a much more 
recent phenomenon, depends upon concentrated vita. 
min preparations, In 1938 Clausen? pointed out 
much suggestive evidence of clinical toxicity in 


Tame 3. Laboratory Findings. 


Cree Hemootomm = ReoCur Wourr-Ceus Carciun 
No... Count Count 


9.1100 maf X10 
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Fy 15.2 
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“1 microgm. equivalent te 3.3 USP or imternaUonal ual of vitamin A.’ 
thfethod wot stated 
TPecloumed 2 mo. alter vitamin A topped 


Prominence of the eyes, which was the one finding 
that did not regress on withdrawal of vitamin A, 
was found in 3 cases. Ulceroblepharitis, with bleed: 
ing, occurred in 1 case. Choked dishs, diplopia and 
nystagmus were present in another. 

Laboratory data are presented in Table 8, The 
only constant finding was clevation of the serum 
vitamin A, which in some cases was uremendous. 
There scems to be some positive correlation between 
the level and the Severity of symptoms and also the 
length of time required to return to normal. Anemia 
has been mentioned. Since it is a common finding 
experimentally in animals it is probably related to 
the hypervitaminosis, Liver-functicn tests were within 
normal limits in all cases in which the liver was 
enlarged. Likewise, there was no abnonnality of the 
bleeding, clotting or prothrombin time in the case 
with definite hemorrhage. Serum calcium, phosphorus 
and alkaline phosphatase were normal in all cases in 
which they were measured except for | case, in which 
the calcium was 13.3 mg. per 100 ml. 


* Discussion 


It has been common knowledge among Arctic 
peoples that liver from certain Arctic animals, espe- 
cially the polar bear, was Poisonous. One of the 
earliest written descriptions of toxicity (1596) is 


. cited by Nieman and Klein Obbink." Rodah! and 


Moore,’ in 1943, found polar-bear liver to contain 


-from 13,000 to 18,000 I.U. of vitamin A per gram 


of wet tissue and were able to produce evidence of | 
vitamin A toxicity in rats fed this. Symptoms of 
acute toxiclty from a single dose are uniforinly de- 


_ ribed as abdominal pain, Nausea, vomiting, severe 
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human beings. Josephs'® described the first clinical 
case in 1944 in a three-year-old child. Oliver™* sum- 
marized 36 cases, 27 in young children and infants, 
3 in older children and 6 in adults. Morrice and 
his associates'* recently reported 3 cases ir, adolescents. 

Numerous animal experiments have demonstrated 
the toxic effects of large doses of vitamin A (Moore* 
and Moore and Wang"). Nieman and Klein Obbink’ 
have nicely summarized the toxic effects in animals. 
Cohlan'*!* has shown that nutncrous congenital 
anomalies can be produced in the offspring of rats 
by administration’ of large doses of vitamin A. 

Hillman? induced symptoms of poisoning in a 
forty-year-old physician on two occasions, using doses 
©. proximately 1,000,000 units daily for fourteen 
and twenty-five days, respectively. These were re- 
markably synilar to those in the 7 reported cases. 
Frey and Schoch,"® in treating 9 patients for psoriasis 
with large doses of vitamin A, produced similar 
symptoms in 5. From the foregoing data it seems 
that there is reasonable experimental evidence that 
the symptoms found in the 7 clinical cases tabulated 
in this paper could all have been due to vitamin A 
toxicity. It is of interest, however, to note that the 
great majority of these syinptoms are also present in 
vitamin A deficiency in animals, as tabulated by 
Moore.” 

When one tries to explain the various symptoms 
One is immediately struck by the great lack of under. 
standing of the actions of vitamin A. Nieman and 
Klein Obbink’ suggest that excess of vitamin A may 
produce secondary hypovitaminoses by displacement. 
Knudson and Rothman" discuss clinicochemical cor- 
relation. Hepatomegaly is considered most probably 
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due to large deposits of vitamin A in the liver.’ It 
is of interest that Logan, upon administration of 
50,000 units of vitamin A to human beings for three 
wechs or more, reduced the J'* uptake. Still, none 
of these mechanisins are proved, and the literature is 
replete with contradictions. 

Children and adolescents comprise the great ma- 
jority of clinical cases of toxicity. They may have 
any of the manifestations of vitamin A intoxication 
seen in adults, ‘They are much more apt to have 
increased intracrartial pressure with concurrent neuro- 
logic signs and may even show bulging of the fontanels 
and papilledema, Bone changes are prominent, with 
swelling and tenderness over the long bones of the 
upper and lower extremities. In infants and toddlers 
x-ray study tay reveal cortical hyperostosis, mottling 
or osteoporosis. 

The adult daily requirement for optimum nutri- 
‘tion according to the National Research Council is 
3000 units. During pregnancy and lactation the re- 
quirements are nrobably 50 per cent greater. Hume 
and Krebs" found that 1 male subject experimentally 
depleted of vitamin A gradually regained dark 
adaptation on 1300 units of vitamin A daily, but 
the blood level did not rise to normal until this was 
increased to 2600 units daily. As can be seen, there 
is real danger of toxicity from protracted use of large 
doses, and when one deviates from the officially 
recommended dose one must watch for this. 


Susitany 


A_case of chronic vitamin A intoxication in an 
adult is added to the 6 previously reported. All pa- 
tients took at least 50,000 units of vitamin A daily 
for a protracted time. There was a latent period of 
weeks or months before the onset of symptoms some- 


what inversely related to the size of the daily dose. 
Principal symptoms were bone or joint pain that 
tended tv be intermittent, fatigue and insomnia, loss 
of hair, dryness and fissuring of the lips and other 


VITAMIN A INTOXICATION IN ADULTS — STIMSON $73 


epithelial involvement, anorexia and weight loss and 
hepatomegaly, Several other symptoms regarded as 
probably due to vitamin A intoxication were less 
common. Relief was prompt and nearly complete on 
withdrawal of vitamin A. The only diagnostic labora- 
tory finding was an elevation of the serum vitamin A. 
The literature is reviewed for its clinical application. 
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The toxic effect following the adminstration of large doses of vite. | 
min A to animals has been recognized for some years, whereas a simi- 
lar effect in man has been observed to only a limited extent. Joseph's . 
original description in 1944 of chronic poisoning in a three-year-old , 
child was followed during the next few years by several reports of | 
clinical hypervitaminosis A in children, so that by 1958 a total of © ee 
30 well-documented cascs bad appeared fig. f= 

Chronic intoxication in adults seems to be of a more sporadic 
elitucs nature. It was first de-criked by Sulzherger and Lazer in 1951, and a 
Sieonicas _ further 7 cases have been reported since then [2, 7, 9, 11, 23]-- = 
de a Pim: : As concentrated preparations of vitamin A are easily available, and 

= “gas it scems less well-hnown that prolonged ingestion of such prepata- 
the possibility cannot be excluded ° 
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port of a case, 


checoune.— Report of a case: On the 27th of April 1959. 1. F.. an 18-year-old woman, attended 
the dermnatolosical Out-paticnt’s department fur eloperia. Apart from a urinary tract 

the buccal . infection of brief duration fuur years earlice, she had been in good heslth geierally. 
For a little orer @ year she had been treated by 8 rhinologi-t for a disease of the * 
uaral mucous meinbrane, receiving among uther medication synthetic ritemia A | 
atients arc: palmitate (Aruvit “Reche™) orally, in doses comesponding 12300,00 1.U. daily. Row- . 
YDS), with | ever. whe had etupped taking the prepuration on ber own accord five wecke before, 

ds ; attending the cline. : 

result. The ; She had suffered frum enoresia Sor the last four montis, aud her wright had falea 
from 52 te 46 kg, which she herself a-cribed to psychic stresa, She was gaining is 
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: nourished. weight $0.3 kg. Wer facial shin was dry and scaling in patches, with 
aenciform infiltestivne of the furchead and checks. Scattered excuristions from 


scratching were seen. Sealing ond rlagades ot ougles uf inouth were nen The c 


scaix was dry and showed fine scaling. 

Ilair growth was difurcly thinned out over the entire scalp, The hairs were otiff, 
sat in dimurderly wispe aud needed only @ slight pull to come out. The Syeberes were : 
ight. thin and very eparee. : ar 

Axillary hoir appeared te be normal but the pubic hair wae thinued out. The, 
Tanuge hair was retained on the trunk and extremitics. The finger nails were of nose 
mal epprarance. - : : , 

There wae wo esxuphthalines, vision was ponnal, and | an ophthalmolugical 
@Xamination shawed nuthing sbuormaL 

Conjunctiva and o¢al mucosa were normal There was no gvitre and wo palpeble 
evlargement of Liver or spleen. e : 

X-ray examination of the allumes showed uo enlargement of orgeus, and X-rays 
ef spine. upper arm, lower aren and knee joint hosed nothing abnonnal 

The fullos ing Vulwratury studies were mode: Mh BRE. erythrocyte count 3.0 mk 
fon, ESR. 37 miu. white bled cell count LOO! with nornial difereutial count. 
prothrombin 78°, (ighth reduced) eougulation time 4 mink. 

Seruin Hyesids 910 mg. 100 wal, Hpwid phosphorus 6.3 mz. 100 tal, neutral fot 
407 mg. 100 ml. Total chulesterad 226 mg. 10 val. chulesteruresters 181 mg. 100 mL 
Protein-beund jolive LE 1.0 ag. 100 nl, Soran proteins: total vulue €4 g. 100 mL. 


albumin $.1g. 100 ml.. globulin 3.0 g. 100n1, Seruin calcium 9.6 10.0 mg. 100 sn a 


eeruns plio-phurus 3.3 mg. 100 mL | 
Aflatine phosphstase $05.2 ae (Buch aud Buck's tacthod, normal — 
2-7 anite) ; oe ee 


The determination of total citamin Lin the plasma (dune ct the cen- 
tral laboratory, Bispebjerg hospital, accarding stua method described ~ 
by Ollendorf) gave the following results at the dues indicated (normal 
value 50-150 1. U. yer 100 ml. "plasma: : 


"2 LS. 1939: TBST. per 00 exh. pla-tia =! 
: $9.S. 1959: 109 TU. peer 100 nl plasma 
$. 6 1959: 131.6 1. UL per 100 mi. pleeme 
TS. 6. 1939: §7R.2 2. UL per 100 inl. plarma 
30.6. 1939: 130 9.0. per 100 ml. plasma 
$4.7.2959: 192) 2.0. per 100 ml. plarma : 
4 ; 194: 32 LU. per 100 mlb plaeme ’ 


The fymploins were ubscrved te Hsappear rapidly during the 
menths following the first attendance. Weight wa- increasing, and the 
patient reported feeling in Letter health. After one munth (seven 
wevks after stopping the vitamin A medication) it was ob-erved that 
the hair was lece wispy. After 1°; months a fre-h vrowth of hair was 
observed on the vertex, and after 32 months the entire scalp rhowed 
& pronounced crop of densc, strung, mrdium fair bair, about 3 em. in 
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Fig. Je. 19/5 '39 
Marked les of hair, 
Hairs stiff, dry and vomenagcable. 


= RO eae : 
ae Regrowth of normal sealp hairs, * 
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Fig. 20 and 26. Supercitia om 19,555 and 

length. The remains of the original growth could be seen at the same’ : 

time, as scattered lighter hairs, about 10 cm. in length. The eyebrows | 

were now thicker than before, and rather dar 
Gltrations on the face bad disappeared. 
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After six oaths the hair stand was of uniform length, and accord- 
ing to the patient, thicker in growth and darker in shade than before 
the vitemin A treatment started, Me es Ete ed apa call nal VN 


wow et, Pca 


a i ‘Discussion | sae i SSH eA 

The most important data from the 9 cases of chronic poisoning with 
vitamin A in adults are collected in Table I. Wherever the determin- 
ation was mate, the plasma vitan in A level showed clevated values, 
must often varying from 800 1. U. to 2,000 1. U. per 100 ml. Such | 
elevated valucs begin to fall immediately after discontinuing the 
vitamin A therapy. The > aluce measured, therefore, do not express the 
degree of iptoxication directly, as in rune cases the initial determin- 
ativa of the vitamin A content of the plasma was made before its 
cunsumption was stopped. in other cascs at varving periods after this. 

In the present patient, an elevated value was found although the 
determination was made five weeks after she stopped talking the vita- 
min. The subseequent analyses, made at inters als of twe weeks, gave 
results which were normal of possibly slightly elevated. The latter is 
probably the case, as @ determination made one year later gave a 
considerably lower level than the previous determinations, 

The norinal range is reported as being generally between 50 and 
330 J. U. per 100 mnt. of pla-ma (1 ug. = 3.3 1.U.) (3, 8, 12, 18]. 
However, others report a slightly higher level (16, 22). 

The falling 


o 
adninistration in tho-e experiencing intoxication from it, has been 


Nitamin A content of the blood after stopping its 


studied in only a few ca-ce. Gerber, whore patient provided the highert 
recorded valuc of all (2000 ay. per 100 inl}, made daily determinations 
after discontinuing the medicztion, and found thet the amount of 
total vitamin A {verter — alewhal fractiun) fu strongty during the 
fimt two days, and then rmme rlowly, eo that the concentration was 
stil} elevated after two months (approx. 300 pz. per 100 ml.). 

Oliver Jr.and Mavener observed the same rapid initial fall, (UNowed 
by a slower approach to normal valucs in the course of 3-4 months. 


‘ mule a Clinical Picture 

The most prominent symptoms in this patient were dermatclogieal, 
a charactervtic of this form of chronic intenication in adults. The 
widespread loss of hair, firrurce of the lips, perleche and the itchy, dry 
sealing shin were present in most of the paticnts, However, in some 
eancs the shin chariges tevin tu have been of a more ecborrhucic nature. 
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‘A maculo-papular rath is described on the trunk {17, 23}. In some . 5 
_ eases, lose of hair alse included the lanuge hairs [11, 23, 24). Ta several» 5 - 


patients, widespread or localized pizmentation is ecen. peer 


General symptoms were observed in most easce. In this pauent,” "* 
lose of weight and anorexia may well have been caused by the intoxiee 
ation, and they gave way toa rapid increase in weight when ingestion.” 4 
of the vitamin cvased. At the same time, the patient reported feeling .> 


r 


in better health, although she had denied being generally affected . 
when first examined. . : Solent 
On the other band, the tendency t& hacmorrhage which is found in “ 
several cases [2, ZT] wae not observed. In agreement with thia, the *., 
* Laboratory studics showed that the coagulaLility of the blood was’ ” 
unaffected, The haemorrhagic diathesis has been shown to be caused a 


by hy poprothrombinacmia. However, the conditions are scrhapsmore | ~ 
PS Lae f T : 


©» 


complicated [14, 22, 23). ae wal UW ete — : 

Di-turbances of menstruation - usually in the fo .a of bypomenor | 
thoce - were observed in several adult patients. In others, including a 
few of those apparently mort rer erely intoxicated, menstruation was 
normal... ats ee af : iS 


Bone tendemess was nat noticed by this patient, but has appeared - 
daz mild degree in some cases. This #ymiptoin duninates in chronic.» 
ally intoxicated infants, accompanivd by swelling of the seft parte 
ever the long bones and the nictatarrals. Caffey has described the 7 
“ characteristic devosition uf subperiosteal hy perostoccs, demonstrable: : 
by radiography, a : : oe e° 


Syniptoms« from the central nervous #\ tem, 60 general in cases of: “ 


acute poisoning with vitamin A, and accompanied by increased intra- > *,. 
eranial pressure [1], were demonstrated in only one case of chronie *. . 


: * poisoning in an adult {17}. i (fe EN A A 
The'hepatomegaly which is found occasionally is usually interpreted ge 


as the rxult of the deposition of vitamin Ain the liver. - ~~ ae 

; Characteristicaly, normal concentrations ef calcium and plow 

-° phorus in the blood were found in this patient, which fact is of value -! 

in deciding ehether 3a simultaneous vitamin D intoxication may be a 

prevent. Further, in contrast to children, adults usually show normal © 2) 
values of allaline phosphatase, ae ae 
The rapid remission after terminating intake of the vitamin is also 

@ cunspicuous feature of diazuortic value in the syndrome. In the. ** 
present paticut, this was especially pronounced for the bair-growth,. - é 
and the increase in weight was alro siriking. According to Breslau, the *.- 
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One week after lart intuke of vitamin A prejaretion, 
* One week after act intake of vitainia A preparation. : i 
* Three days after ta-t intake of vitamin A Preparation. ca. 
§ Five weeks after last intake of vitariie A Preparation. - a 
remission is manifest after 3-10 dave with Fespect to gaocesis. 
beadache and pruritus. Tissue chan: gem are in general reversible {11}. 
S Toxicity 
The minimum do<ex of vitamin A requiced for chronic intoxication 
are net known with ce rtainty, and appear to be neues to great indi- 
vidual variations. They also depend of course on the duration of the 
period wf intake. While acute intenication develops fulluwing a single 
ingestion of revere! million TU. the table shaws that ehiunie iatoxi- 
cation in adults can de velop after ingestion of smaller aniounts over a 
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for one year before fymptoins were noticed. Frey and Schoch and 
Miescher treated ehin paticnte with 


observed no side effects after dail 
period of 1-3 wonthe. 

On the other hand, Bifileo's 
ingesting 150,0001.U. daily for one year. 
in a person taking amounts as relativ ely modest as 50,000 units of 
for 8 months, and Perdrup made the same obser ation 
in a pationt who took 200,000 I. U. for 3 months, 

this, the Council on Foods and 
intake of more than 25,000 units Vitainin A should be 
with an eye to toxicity, and points out that 


Vitamin A daily 


Ficht cases of chronic hypervitaminosis A have been observed in : 
actults, The clinical features and pathogenesis of 
discussed together with the case of an 1B-vear-old-wum 
rienced prenounced hair- 
daily for one year. 
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patient developed symptome after “. 
Corrber b-ceved intoxication . 


Tn agreement with’ 
Nutrition 1959 stresecs that a daily -! 


followed closely ., : 
there is a definite risk of 
dangerous effects in prolonged intake of vitamin Ai 


_ than $6,000 I. 


nm smouunts greater 
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an who ex 


fall after an intake of 300,000. U.vitamia A 


Es warden bisher 8 Falle von chronischer A-Hy pervitaminose bei 


Erwachsenen beubachtet. Fe werden dic klini 
Pathogenose der Intovikation diskutiert und aufden Fall 
Figen Frau Lingewicsen, die Haarau-fal! beham, 


wabrend cines 


de ectte intuxication, ainsi que le ean d'une jeune femme 
q j 
qui avait pré-enté une importante ohute tles cheveux a la sui 


Jahres 300000 E Vitamin A eingenommen hatte. 
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From the Department of Dermatology and Venerrology, - 

. University Hospital, Utrecht (Disector: Prof, Dr. 2. H. Jansen 
: a : * . : ‘ ; * : F 
AT : . * . 
Erythema gyratum repens, 


By E. van DIJK 


Cutaneous disturbances have been observed frequently in cases of -* 
internal malignant tumoura and hy mphoblastomas. They may be _ 
divided intosspecifie and non-specific (“toxic”) lesions. Many dif-. - 
ferent non-specific shin eruptions have been described. Knowledge — 
of these skin manifestations is of importance as they may be the first Ly 
signs of internal disease (dermatoses monitrices des cancers, Cougerot), | 

In 1952, Cammal reported on a care of an unusual type of scaly 
erythema, named by him “erythema Ey tatuin repens”, associated : 
with cancer of the breast. This cace was originally presented by him “4 
as “erythema gyratum migrans™. : a te 


The patient was s S$S-year-old woinan, who bad undergone hysterectomy and 
eophoreetam: 30 dears previously. On the anteriur surface af the neck and upper 
pert of the eheet @ pruritic area appeared which gradually spread antil it involved 
wearly the entire shin surface. On exzminetio ne the face and weck ef the Patient : 
were fuund reddened and sealy with ocdema of the eyelids and swollen vara, exud- _ * 
ing in places The entire trunk and the extremitics showed irregular erythemetous  - 
hands. not ar only olightl inGlerated, with eollerctte-ts pe, of Marginal desquame 7. 
tion. The peeulrar serpinginone configuration of the erythema resemLied somewhat : 
"the graining ef a Knotty eyprese board. The erythema moved fonstantly ot the pe 
rate of aLout I em. per dey. : Sy S 
Histologic examination of the skin showed a slichtly thickened stratum comeum,’ ne 
* moderate scanthos‘s: ia the SppPer cutis, especialy in the Papillary layer, there 
was @ perivascular infiltration of lymphocytes and smell monouurlear cela The 
CONN ST TIVE Tissue was ocdeme.. >: : : : : es 
A large lymph node is. the left orale we: excierd, and showed carcinems. la the’ -. = 
bef breast @ small modu was pelpable, After ~sdical Mmatieetoiy (pathological | 
diagnosis: poorly differentiated adenocarcinoms mammac) there was sayid improve: « oe 
meet, and sia weeks after the seperation the eruptina had disappeared completely, 


Cammel reviewed the literature on rare and Pereistent erythemas, | 
As the clinical picture of the erythema of his patient did not re 
semble the descriptions in the literature, he felt Justified in classifying 
it as 2 new entity. He stressecd its differcace from erythema annulare. 
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~ Pocel Retardation 


of Growth of Bones 
' Due to Vitamin A Intoxication ~ 


Charles N. Pease, 11D, Chicago 


Suit 


“~ Retardation of growth and carly clo- 
sure of the epiphyeea were observed in 
seven children hospitalized for severe 
symptoms of hypervitaminosis A. The 
acute symptoma abated after the exces: 
sive intalce of vitamin A was stopped, hut 
the bony changes were more lasting end 
in three eases the growth of the legs was 
scriously impaired. The Jarge doses of 
vitamin A’ preparations had been ad- 
ministered to the children at home by 
their mothers, who had increased the 
dosages preseribed by their respective 
physicians. The evidence indicated that 
chitdeen Ger ae to the rate at which 
they metabolize vitamin A, and the 
amount of vitamin required to cause in- 
toxication varicd cousiderably, 


NE FIRST REPORT of the toxicity of vitamin 

A in rats and mice was made by Takahashi and 

his associates ' in 1925. ‘The gross clinical findings 
in these laboratory animals included alopecia of 
the head and paralysis of the hind legs. Since then 
an exceptionally Jarge number of publications have 
been concerned with the experimental and clinical 
manifestations of the eflects of hypervitaminosis A 
on animals and humans. ‘She earliest studies on 
hones affected by large doses of vit. sn A were 
-made in 1933 hy Collazo and Sanchez-Rodviquez," 
who, finding increased fragility of the bones in rats, 
designated the primary pathology as fibrous osteo- 
dystrophy, A year later, Davies and Moore? de- 
scribed ankylosis in the joints of the extremitics of 
als Chat were suffering fom hypervitaminosis A. 
Experiments hy Moore and Wang, in 1995, indi- 
cated that altered metabolisiy produced by exces- 
sive Vilunin A affected noimal bone growth and 
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development on the basis of faulty formation er 


. destruction of the matrix. 


In 1917, Wolbach * reporied the results of vitauin 
A intoxication in guinea pigs and in rats; he demm- 
strated rapid remodeling processes of Jong boass 
due to increased osteoclastic activity and definite 
destruction of the epiphyseal cartilaginous plite 
which resulted in its premature closure. He stated 
that there was a Jag in matrix production which 
accounted for compression of the cartilage cel!s 
adjacent to the diaphysis. 

Tissue culture studics of the effect of embryonic 
bones grown in a mediuin containing large 
amounts of vitamin A were published in 1952 by 
Pur and hichanby.® Usisns cubiyenic Jib hase 
rudiments of chicks and long bones of fetal mice, 
they demonstrated that the growth of the explanted 


. bones was retarded or completely arrested in direct 


ratio to the length of time the bones remained in 


_ the medium. Microscopie sections revealed that the 


epiphyseal cartilage cells lost their norial meta- 
chromosis and were crowded together because ef 
shrinking, of the intercellular tissue. 

Experiments were conducted by Fell, Mellanhy, 
and Pele,’ who utilized embryonic bone rudiments 
which were subjected to carrier-free sulplur-35 2 
Na.SO, and placed in an organic mediun for cul 
ture. Autoradiographs were made, and from their 
studics the authors concluded: 

It is tentatively sugvested that under the influence of 
vitamin A, the cartilage cells may produce an enzyme whic! 
results in the formation of a soluble sulphated mucupel- 
saccharide instead of the normal chondruitin sulphate, and 
in the dissolution of the existing: matriv. 

Recently, Thomas et ali’ administered hire 
anounts of vitunin A to rabbits; they confiuned 


‘Wolbach’s findings of preniature closure of the 


epiphyseal plates, but did not agvee on the factor 
that produce the changes in the cartilaginous zones 
of the bones. They proved the presumption of Fell. 
Mellanby, and Pele that chondroitin sulphate Ww 
liberated from the cartilaginous matrix of the epi: 
physeal plate and demonstrated that this was fol- 
Jowed by Jocal vascularization and ossification et 
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proliferating cartilaginous cells which ultimately 
sesulted in carestnent of normal growth and altered 
tubulation of (he long: hones. Seventy-two hours 
after Khe mabbits were given excessive doses of vita- 
min A, examination of the sera by means of the 
cobalt precipittion method was interpreted as rep- 
resentings chondroitin sulphate. 

Conclusive studics on the mode of action of 
vitamin A on cartilage in organ culture by Dingle, 
Lucy, and Fell demonsthated the depradation of 
the extracellular material hy cuzyines released from 
lysosomal paiticles, Experiments by Dingle and 
Taucy"' and by Dingle? disclosed that the water 
estract from embryo chicken limb orgin culture 
contained a proteise with an acid pl optimus ancl 
that the vitunin A altered the composition of the 
evtraccHlular material, therefore advancing: the hy- 
pothesis (hat the action of the vitimin is on the 
permeability of the intracellular particles, A report 
ly Fell, Dingle, and Webb!" demonstrated that 
their studies showed a high degree of melecular 
specificity for these eflects. The work of Lucy and 
Dingle '* on the lysis of erythrocytes by vitamin A 
has made it probable that the mode of action of 
the vitamin is on the lipoprotein membranes of cells 
and their organelles, 

* The first account of vitamin A intoxication in a 
child was offered in detail by Josephs" in 1944, 
Tho only reference made to hone changes in this 
aticle dealt with cortical hyperostosis that occurred 
in-the long bones. Following Joseph's report, sev- 
eral additional cases of hypervitianinosis A in chil- 
dren that described similar findings were published, 
To the complications atuibutable to the administra- 
tion of large doses of vitamin A in children can he 
added setardation and airestment. of growth of 
bones. 

In this report, 1 shal! concern myself with seven 
cases, three of which resulted in what may be con- 
sidered serious alteration of skeletal development: 
The damage to cartilage cells is irreparable and 
full longitudinal bone growth is not attained, Not 
only is growth retarded, but oceasionally serious 
Premature Closure of the epiphyseal cartilage takes 
place relatively early. 

Vitamin A blood Jevels were made in only two 
patients; the remaining five cases were diagnosed 


on the basis of syinplomatology, clinical examina. - 


tion, and roentgen study which demonstrated the 
{ypieal cortical hyperostosis, When the diagnosis 
was established in fiver of the pitticnts, vilamin A 
Adininistiation was discontinued wud Jow vitumin A 
dicts instituted. In one instance, a diagnosis of 
Vilanin A intoxication was not made and concen- 
trates were continued, 


Roentgen Findings 
In those patients in whom x-ray sludics were 


made of the forearms and knees, cortiea) hyper: 
Cslosis was found to involve the wna and tibia and 


’ 


a 
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to reveal itregularity of the epiphyseal regions of 
the Jong bones associated with sharpening of their 
metaphyseal marjtins, During this phase of the 
rocntyen studies there was no appreciable diminu- 
tion in the altitude of the epiphyseal cartilage; Luter, 
there was definite thinning of the plate, which was 
most pronounced in the lower extremities because 
of the added insult of weight bearing. ‘The distal 
portion of the metaphysis of the femur broadened 
abruptly and an outflare of its terminal portion 
tive ita pagoda appearance, A mirvor-like image 
occurred ja the adjacent tibial metaphysis, In ad- 
dition to these changes, definite innings of the 
cortex of the bene in the epiphyseal region o¢- 
curred, There were instaices of broadening of the 
shafts of the long bones and alteration of tubulation. . 

All the epiphyseal plates are involved in vitamin 
A intoxication and greater damage is done to one 
or more of the phates; this is explained on the basis | 
of a greater amount of weight beaming on the re- 
spective extemily rather than on the other; or con- 
versely, the favoring of the extemily which is more 
painful. 

In the mos’ severe cases, the epiphyseal cartilag- 
inous plates became markedly narrowed, and ossi- 
fication took place prematurely, Deformities and 
altered tubulation in the long bones also occurred. 
Vitamin A intoxication produces altered “pationns 
of growth in all the long bones, and doubtless the 
epiphyseal plates of the vertchrae are likewise af- 
fected, interfering with normal development of the 
segments, ; 


Reports of Cases 


Casi: 1.—A seven-year-old white female child was ad- 
mitted to the orthopedic service of The Children’s Memorial 
Hospital on July 6, 1951, for treatment of a ley length 
discrepancy. Her history showed that she was hom full- 
term; it was a Ineech delivery, she weighed 3 th 15 07; 
and her under-normal weight required that she remain in” 
the hospital for one month. She walked when 17 months 
old. About this time the mother noticed Chat the child 
caused evcoriations by excessive scratching. A physician 
prescribpd a salve and every effort was made te avatd the 
contact of wool ou the skin. This revimen afforded no relief 
over a period, of two years, despite the-eflorts of several 
dermatologists, allergists and pediattichins who changed or 
clintnated soaps, prescribed ointinenls, instituted elimination 
dicts, and administered diphenhydramine hydrochloride 
(Benadryl). ‘Yo prevent scratching, the child ware Hacks 
and fong-sceved blouses dining the day, while mittens 
were worn at night. Since the child's red blood cell count 
was found to be 3 inillion, she was riven a tonie for anemia. 

X-ray films of the lower extremities taken on March 24, 
IOI7, at the Samuel Merrit Hospital, Oukland, Cah, re« 
vealed ouly some possible slight feeyubuity in the sone of 
the epiphyseal phites of the lower end of the fe mur, A film 
on March 26 showed hyperostosis of the ulna. On March 27 


At the same hospital seray films were said to show an 


Inflammatory condition around bones of the army and legs. 
The vitamin Co fotake was then increased. On April 4, 9 
hooweed area of swelling on the deft temporal region was. 
noticed for the first tine, One week fater, the child had 
difficahy fn walling. X-ray therapy was used to couteel 
the teling: of the right arm and the tight leg. The dosage 
Blven was 255 4, 


On May 4, 1917, the child, then three years of aye, 
was hardly abls to walls and was ndmitted to the Stanford 
University Hospital, The Tepocrt of the attending physs!- 
cians'? described a Uheeyearohl chill who Was Irritable, 
complaincd of path in the anus and Joys, and had proeneral- 
fred itching all over the hody. ‘the shin was found to be 
dy, aud there was erythema of the teft ame and left Joys. 
Excoriations were Present on the truok and extremities, 
with loss of hair from the scalp, eycliews and eyelashes 
A firm, immovable masy measuring 2 an hy 2 car was felt 
on the left side of the forchead; photophobia and strabisnius 
were detected; and the Joft forearm was swollen and tender, 

» The patient refused to walk becate of pain in the left Joys. 
The liver was enlarged, and was palpable two finger. 
Dreadthy below the costal margin, The serum calcium: was 
30.2 ngsSo, phosphorus 5.0 mnt, protein 6.9 yin, and 

* phosphatase 17 units. On the basis of the rocntyenograms, 
N tentative diaunosis of leukemia, syphilis, or sCULV) Was 
made. 

A report of vitamin A intovfcation by: Toomey and Moris- 
settle! published at this time described a. similar syinpto- 
matolugy and this prompted Che attending physicians to 
Investigcitte the dictary history of their Paticut. Vhey loamed 
that the mother had been administering three scant, tea- 
spoonfuly of vitamins A and  (Navitul) tu her child ine 


* stead of the three drops which Jiad heen advised orivinally, 


Ato biter date, the mother had admiiistercd 10 chops of 
Vitamins E and G (Vipenta), ‘The child consumed) once 
quarter of a teaspoonful of butter at breakfast and at Iineh, 
and nearly a teaspoonful at the evening meal. The mother 
end that the child ate the batter (hat was unconsumed hy 
the other members of the family, She drank a glass of nil: 
ateach meal, and an Ce Was included in hor daily het, 
“The child’s vitamin A blood tevel, taken May 22, 1918, 
was 913 units (nonnal 30 to GOIU), Vitumin A was elim. 
inated from her eating schedule and the child was dis- 
charged from the hospital inynoved. ‘The Vitomin Pood 
~Jevel on Aug. 4, 1YI8, was 340 units. Hocontyenograms 
smade at that tine were reported to be nonnal. 

Apparently a Misunderstanding took place, for the attend. 
Ing physicians reported that cod-liver oil was tiven the 
paticnt hefare admission to the hospital and that aduvtnis. 

» tration of vitamin A was resumed: after her discharge in 
amounts sufficient to cause vitamin A intoxication on two 
occasions, In this councetion, the mother emphatically: stated 
that all food teat contained waunin A and Proprietary prop. 
arations of vitamin A were discoutinucd and that nu cod. 

“Diver off was tiven, 

At the tine of her admission to the Children’s Memorial 
Hospital, in 1951, the Pationt’s right leg meased 55.5 cm 
ond the left lew 50.5 cm. Tian attempt to stimulate the 
frowth of the shorter lex, ivory imphints were plreed in 
the medullay canal of the lower end of the femur wnd the 
Upper end of the tibia, A second hone stimulation operation 
Was performed on May 27, 1962, at which time metal screws 
were inserted in the upper end of the left tibia and a supra- 
condylir osteatomy of the left femur was performed to 
Correct a 20-deyace flexion deformity at the huce joint. A 
section of bone from the head of the left hula, jucluclinge 
the epiphyseal plate, was removed for Mictoscopic study, 
Phese sections revealed mative bone adjacent to the orderly 
Howth of bone and the apPetince of the eatilige cells 
of the epiphyseal plate. 

The paticnt now is 18 years old. Hee Jeft lye is 5.0 em 
shoiter than the right and the difference ds compensated: by: 
on elevation of the sale and heel of the left shoe, She is 
short in Satutesheight 40 104% in, Mer father is, 5 eV 
$n tall and her mother SM 4 iu tall (Mis 1, 2, 3, and 4), 

Cast 2.-A severyearold female child, was referred to 
me hy two Physicians whe have MVen Pormrissionm to ine tale 
their cave tn Hey series. Fhe pativnt was host sce by one of 
these physiciens in Ootaheny TIT wilenahie wed months 
Olde becuse of shat jg of the heges anal tendomess of (he 
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Fig. 1.~-Female, oge 3 years. Hypcrostosis of ulna. 


arms, “associated with pronounced ‘nritability. A tentative 
diagnosis of scurvy hed been made by another phy sicim. 
During the period of original complilat, the child deve hapa 
a bilateral otitis media Which was controled hy penicillin. 
Examination revealed that the child held her head awl 
hack stiMly, although she was uble to move her loys .sath- 
factorily, She walked with an tusteady gait on the right 
file, Her extremities Were painful on palpation, Nenoy 
eatmination of the extremities revealed nounal findings. \ 
‘The physfeian’s report said: “Subsequently after consid 
crable consultation it: wavy found that this child had been on 
excessively hiyhh doses of concentrated vitamin A and 1) al 
Upon withdawal of the vitamin Prepacution her sy niypdone 
Cisappesed aud she appeared: perfectly: normal, Her sub ve 
(iert history wos uneventful Wott} saw her aeain in Mos, 
POSS. At Uhat Gime ie wes Drought to the office becuase bet 
patents had noticed What the heft lege was shorter then the 
ryt. Phe child dice aie complaint. The examination ot thet 
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Fig. 2.—Sharpening of metaphyseal margins and. slight 
inbowing of tibiae of paticnt shown in lig 3 ad 4, 


fine revealed approximately Lin. shortening of the left low. 
tceatremity which appeared to be confined to the femoral 
xgment. The ranges of motion of the knee appeared to be 
esentidly normal except for a very slipdit Meaion of the 
lace joint. The acTay examination revealed marked de- 
finnity of the distal femoral epiphysis with what would 
appear ta he almost complete closure.” : 

Psu this child on April 5, 1957; at this time the mother 
tn. a history of adininistering, one teaspoonful of oleun 
Kuemormph when the infant. was onc year old. At 18 
ronths symptoms appeared and the infant was brought to 
Ne James Whitcoml Riley Hospital in Indianapolis. After 
lM days, the child had so improved that she was discharged, 
en though a definite diagnosis had not been made. At 
Teme the mother increased the dosave of oleum percomorph 
htwo teaspoonsful daily, and within thice weeks the child 
sete worse, Another physician was consulted, and, upon 


mparing about the vitamin intake, he made a diagnosis of 
‘min A intosication, 


At the time of my examination he paticnt’s left lege | 


reac 49.4 Gn and the vipht leg 55.0 em, There was a 
Jietottee flevion deformity at the left hip joint and al 15- 
“se fevton defonnity at the deft Kuee joint. The child 
a elevation on the deft shoe. Nays revealed grass 
Nettening of the deft Somur, nanowing: of the epiphyseal 
tre and flaring: of the adjacent margins of the mictaphysis. 
n rh J.-A five-yeateald female was scen hy ane on Sept. 
pelos because of a lee lonpth discrepancy whic had not 
1, UC ant hice artaip months previously. ‘Me 

‘was full tema and walked at the age of one year, 


When she was thee and oneshalf months ok! she was 


‘Created at the Columba Hospital, Chicare, for virus pucu- 


tonla, Al the aye of 15 mouths she refused to stand or 
walk. Becatse of extreme pain and teuderness of the extrem. 
ities the child was canicd ona pillow, She was admitted te ‘ 
the Preshy lerian Hospital, Chicaya, at which time a roent. 
fen diagnosis of scurvy was made and ascorbic acid was 
Dreseribed. When To saw her on Sept. 5, 1958, the child 
walked with a limp on the rieht: side. There was obvious 
showtentue of the right Jey, its length was 46.5 em compared 
With 19.6 cor of the left. Motion at all the joints of the 
estromilios was complete except that there was a 10-degree 
limitation of motion of the right thigh that prevented com- 
plete extension at the hip joint. 

X-ray films of the femora disclosed the typical paroda 
Appedrance at the left lower metaphysis Ghat ds found in 
vilamin A’ intoxication. Vhere was alo shortening of the 
femoral neck. Presbyterian Hospital Lindly furnished the 
xeray filns nade on April 5, 1955, which demonstrated 
hyperostosis of the wha and incvularity of the ends of the 
radins and ulna, not unlike scurvy. The metaphyseal margins 
appeared to be sharpened. . 

Tt was Joarmed fron the mother that the infant was fiven 
00.6 ce of a multiple vitamin preparation (Polyvisal) when 
three weeks old. At the supe time she was receiving: the 
yelk of one cis daily and all of the vexetables were pen- 
crously battaed. A bone stimulation operation was per- 
formed on the deft: femur and. tibia at Vhe Children's 
Memorial Hospital on Nov. 4 
advantag 

ie) 


months the child began to 

At 15 months she became unsteady on her feet and 
rovuse) ta walk because of pain in the fogs. The pain and 
tenderness of the catremitics Ktadually Decame worse, to 
Buch an extent that the child cried out whenever she moved. 

Examination revealed marked tenderness. of the extremi- 
tics, but was otherwise negative. The admitting: diagnosis 
was scurvy, Blood studies revealed the ascorbic avid level 
was 0.9 my%o, calcium 10.4 my, phosphorus 3.3 mg, and 
alkaline phosphatase 5.7 units. No vitamin A determination 
was made. : 

X-ray films of the left forearm showed the Ny -perastosis 
of the ulna typical of vitamin A intoxication. There were 
also irregularities of the metaphyseal ends of the radius and 
ulna. The filins of the lower extremities revealed sharpening 
of the femurs at the justa-cpiphyscal zones. 

After the dingnostyevas established by x-ray, all vitamins 
were discontinned and the child: was pliced on a vitamin 
A-free dict. She was discharjted from. the hospital on July 
30, 1952. After five days at home the child hessin to walk 
ancl all the pain in the extremities had disappeared. Approx 
imately six aonths later fovulxenogramys of the lower ex- 
tremitics revealed residual inrezuluity at. the epiphyseal 
zone. X-ray fils of the famurs made on March 7, 1957, 
showed definite Uroadening of the nicht femoral neck and 
culargement of ae capital epiphysis, The bones of the lower 
extremities appeared to be normal She was hist examined 
on June 9, 1962, at which time she appeared to he fn good 
health, Whe length of the right log was 4.2 em and the 
left was 78.6 on, 

Cast: 5.-A J3-month-old female was admitted to our hos- 
pital on June 19, 1918, with the history (hat two and one- 
half months previously she had had pate and tendemess tn 
both deys, whesh lasted only a few days. However, at the 
time of admission she was not able to stand er to walk and 
had not been able to do su for two days. She cried out 
When she was touched, because her legs were extremely 
tender, Evaniination was essentially negative except that the 


Tous were sensitive and were covered with crvcoriations. 
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Fig. 3.—Samo paticnt 2 years Inter, Pagoida-type spread- 
ing of metaphyses. Thinning of epiphyseal zones plates of 
lower femora and tibiae, Alteration of tabulation of femora 
and tibiae with moderate fn-bowing of latter, Obvious 
shortening of left tibia. 


Nectal temperature was 100.5 F (38 C). The impression 
was Chat this child had cortical hyperostosis of undetermined 

_ origin, possibly scurvy or congenital syphilis. Routine blood 
and wine studies were negative, Neither the vitamin A nor 
the vitstoin C level was detemined, 

Rocntgen studies revealed extensive hyperostosis of ulnae, 
femora, and tibiae. There was irregular growth at) the 
juteepiphyseat regions and in-bowing: of the tibiae. Since 
the roc ieen findings were typical of hypervitaminosis A, 
Inquiry disclosed that this child had been tiven dyvtctenmin- 
able amounts ef vitunin A concentrates. After vitamin A 
Preparations were climinated and a dict low iu vitamin A 
values was instituted, all the symptomatology disappeared, 

When the pationt was examined on april 29, 1961, there 
Was ninimal shortening of the right ley compared with the 
left, Qe measurements being: 67.3 em aud 88.0 cm, respee- 
fively. ray examination revealed What the extremities were 
nounatl, but there was alteration: in nhowth of the vertebrae 
ja the lower dorsal region, especially the 10th and Mtth 
Sepinents, 

Cast: B.-A WS-mouths-old female was admitted to. our 
wspital on Juno 4, 1950, with a history of poor appetite, 
faeitability, swellings in the temporal region, and tenderaess 
of the de WS. “The amother stated that the child received 10 
thops of oleuin percomerph at the aye of one month and 
slice Hetdially: deteased it ta ane teaspoonful daily. When 
the Chil way nine months of ape a toulliple vitamin prep- 
Hration ia amounts of TO draps were Hiven three times a 
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Vig. 4.--Four years later, Both lower femoral and upocr 
and luwer epiphyseal plates of left tibia show marked é- 
reneration aud alicration of normal pattems of bone growth. 
Distal cartilaginous plate of right tibia is narrowed, but 
contour of bone appears to be normal. 


day fa addition to the daily teaspoonful of olcnm perco 
momh. Vitamin A bloud level shortly after adinission was 
259 unlts. 

X-ray fils of the child's forearm revealed typical hypee 
ostosis of the ulna associated with some irveguiburity of the 
metiphyseal margins of the radius and ulna. Upon with 
drawal of the vitamin A and after the child was pliced on 
a vitamin A-fiee dict, she made a complete recovery. Ske 
was discharged fiom the hospital on Jane 15, 1950, Evam- 
ination ou July 24, 3056, sevealed that the left: hy: was 
0.3 cm shorter than the right. On May 6, 196), the hft lg 
sti was 1.0 om shorter than the right. Whe depree of dane 
ave to all of the epiphyseal plates is speculative, but no 
doubt (here has been more destruction of the cartilasinost 
plates of the bones of the eight lower extremity than there 
has been of the left. 

Cast T.-—A 2242-month-old male was brouyhe ta the 
Private outpatient department of our hospital duc to a ene 
week history of inability: ta watk and pain and: tenlerne ss 
In the dep. Phe mother stated Ghat the child's huis beven 
to fall ont a month previously. Because of extreme tondee 
noes of the extromitios, examination was almost: impooil.l. 
On inquiry, the mother stated that she hud piven the ehitld 
a dropper full of clean percomorph daily since infiaaey, bes 
did not haaw the exact aanount. When the child was 13 
tooth old the dose of the coneenteate wos dahl 
Vitti A intoxication way suspected. Por expedicncy, vy 
fins were made of the deft forcamm, which demonstrated 
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Payrtestonis of the ulna and irregularity of the radius nin 
vtir at the fovel of the epiphyseal plates, typical of vitumin 
A ypocening. 

this child was dot admitted to the hospital, but all 
atenin concentrates were dixcontinued: aud a vitamin A- 
free dict Wats prescribed, Within a weel, all the symptom: 
tdony that h ud been present earticn disappeared. Vhiy boy 
was bist examined on Aus. 30, 2997, at which time the right 
ke meased 78.7 cin and the left 80.3 em, 


Comment 


The statement that 200,000 units of viiamin A 
may be given toa child cach day with impunity 
appears to be erroncous, IC is my opinion that the 
metabolism of vitiumin Ais not a constant factor 
for all children. The degree and rate of absorption 
of vitamin A varies wih the individual child. These 
facts are borne out by the experiments of Thomas 
and his associates" who found that one of seven 
nbbits Uiat received 1,000,000 units of vitunin A 
for five days showed no cobalt-precipital:ie mate: 
rial (chondroitin sulphate), whereas of 23 hyper- 
vitaminosis A rabbits, 8 showed no changes in the 
cartilage. 

This study raises the question of what effect 
carotenoids have on the growth of bones in children, 
Move thin 40 years ago Steenbock ' and his as- 
sociates recognized the close relationship of ecaro- 
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tene and vitamin A. B. and I. Von Euler, and Kar- 
rer? proved that carotene was biologically similar 
to vitamin A in its effect and indicated that there 
was a close relationship between the two coim- 
pounds, Karner, Morf, and Schopp *° demonstrated 
that the uptake of water by one f-carotene mole- 
cule converts the latter into two molecules of vita- 
min A. Vhe findings that T have presented in the 
retardation of growth of bones in children because 
of avitaminosis A may explain the short. stature 
of people in certain parts of the world where there 
is a large iutake of provitamin A carotenoids, fre- 
quently desipnated as ycllow pigmented fruits, veg- 
etables, and flowers. Karrer and Jucker 7" list ten 
natural carotenoids they consider to be in the class 
of provitunin A. Moore?” devotes a chapter on 
transfer of vitamin A to the offspring. 


Conclusion 1 


Vitamin A in excessive amounts may inhibit 
growth of bones in children and cause premature 


closure of the cpiphyses. Seven cases are presented — 


with data which add a new complication from 
overdoses of this vitamin, 
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Introduction 


Hypervitaminosis A has been described in . 


seven adults since Josephs’ first report ofa 
case in a young child in 1944." Since then 36° 
well-documented cases in infants and young 
children have been reported.? Knudson and 
Rothman? divide hypervitaminosis A into 
acute and chronic forms as they exist in in- 
fants and adults. The acute is self-limited and 
occurs subsequent to the ingestion of a large 
single close of vitamin A. Rodahl and Moore * 
in 1942 described the toxic symptoms of 
acute hypervitaminosis A in Arctic explorers; 
this hypervitaminosis A resulted from inges- 
tion of polar bear liver. The chronic form 
may exist for years without recognition. All 
adult cases thus far described in the medical 
literature are of the chronic type. 
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The present-day sales of vitamins enip'.a- 
size the awareness that must be exerted by 
physicians in the consideration of this clinical 
entity. Drugstore sales of vitamin products 
reached a total of 250 million dollars in 1960.° 


Report of Case 


A 39-year-old white unmarried female secretzry 
presented herself to the Emergency Room at The St. 
Vincent's Hpspital of the City of New York on 
Dec 19, 1962, because she had sustained trauma to 
her left big toe. Edema of her legs was noted, ad- 
mission to the hospital recommended, and the 
following history was elicited from her. 

Since February, 1962, she had noted mild sweiling 
of both feet, ankles, and legs. Initially this was in- 
termittent in character but became constant and 
more marked during the four wecks prior to ad- 
mission. During the previous year she had also 
noted weight loss, lassitude, excessive fatigue at 
work, and severe intermittent pains in her shoulders, 
wrists, and knees. Four weeks prior to her ad- 


* mission to the hospital, walking had become very 


dificult because of pain “deep inside” her legs. 
For six months she noted that her hair was falling 
out. At the same time, a pruritic rash on her arms 
aud reddish discoloration of her ankics and fect 
appeared. She complained of frequent mild frontal 
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Fig 1—Sparse ccarse | 
hair over frontotemporal | 
region and thinning of 
the eyebrows and eye- : 
lashes. | 


headaches. In spite of these symptoms she did not 
seek mecical help, : 

She denied dyspnea on exertion, orthopnea, par- 
oxysmal nocturnal dyspnea, chest pain, or palpita- 
tions. There was no history of cardiac, hepatic, or 
renal disease, and she had not experienced consti- 
pation or menstrual irregularities. The patient had 
never been hospitalized before. 

Eight years azo she started taking multivitamin 
Preparations and individual tablets of vitamin A to 
improve her vision. She took three to six tablets of , 
25,000 units each of vitamin A daily up to July, 
1962, at which time she increased the intake to five 
tablets per meal because of tiredness during the 
summer months. She continued takine this dose 
of vitamin A until admission to the hospital, 

Physical examination revealed a wellaleveluped, 
thin, tired-looking 39-year-old white woman. She 
was well oriented and cooperative. Vital siens were 
within normal limits. Examination of the head 
showed sparse coarse hair over the temporal and 
occipital regions (Fig 1). Marked thinnmg of the 
eyebrows and eyclashes was apparent. The eyes 
were not prominent, and there was no lid lag. 
Funduscopie examination was negative. An acnci- 
form rash was present over both malar eminences. 
The thyroid gland was uot palpable. The lungs were 
clear to percussion and auscultation. The heart was 
normal. The abdomen was soft, and a firm, smooth, 
nontender liver was readily palpable 5 cm below 
the right costal margin in the midclavicular fine. 
The tip of the spleen was also felt. Pelvic and 
rectal examinations were within normal limits, Mod- 
erate edema below the knees down to and including 
the dorsum of the feet was Present in both lower 
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extremities. A confluent erythematous rash with 
Prominent petechial hemorrhages was apparent on 
the lower third of her legs, ankles, and down to the 
milportion of the dorsum of her fect where it was 
demarcated abruptly by her shoes (Fig 2). There 
were no varicose veins. A fine macular rash «as 
present on the inner aspect of both upper extremi- 
ties. Here the skin showed prominent follicles and 
was very dry. Examination of the rest of the body 
revealed sparse pubic and axillary hair, There was 
no lymph node enlargement. Moderate pressure 
over both knees, tibias, and ankles elicited severe 
pain, as did pressure over her shoulders and humeri, 
but to a lesser degree. The patient complained of 
severe pain in both feet, legs, and knecs when 
standing up. Neurdlogical examination revealed no 
abnormal gait or tremors. Decp tendon reflexes 
Were normoactive and symmetrical. There was no 
sensory deficit. Motor power and coordination were 
within normal limits. 

Laboratory data on admission revealed a he- 
moglobin of 10.2 gm and normal white blood cell 
count, differential, and platelet count. Peripheral 
blood smear showed normocytic and normochromic 
red cells. Urinalysis, serological test for syphilis, 
fasting blood suzar, and blood urea nitrogen were 
all within nomnal limits. Serum electrolytes, in- 
cluding calcium and phosphate levels, and three 
lupus erythematosus preparations were normal. 
A latex fixation test was negative. Urine exami- 
nation for Bence Jones protein gave a negative re- 
action. Tweitty-four-hour urine calcium excretion 
was 7.5 mEq. Total serum cholesterol was 161 mg 
per 100 ml. Prothremtin time was 17 seconds with 
a control of 13 scconds, Stools showed no occult 
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blood on three examinations. Cephalin flocculation, 
thymo! turbidity, serum glutamic oxaloacetic and 
pyruvic transaminases, and lactic dehydrogenase 
were all normal. The total serum bilirubin was 1.7 
mg per 100 ml with a direct fraction of 1.5 mg. 
Alkaline phosphate was 12 Bodansky units, total 
serum protein 5.7 gm per 100 ml! with an al- 
bumin of 2.8 and globulin of 2.9 gm per 100 ml. 
Electrophoretic pattern of serum proteins showed 
no abnormalities. Sulfobromophthalien retention 45 
minutes after intravenous injection of 225 mg of the 


* dye was 17%. Serum iron was 98ug per 100 ml and 


serum iron-binding capacity J66ye per 100 ml. 
Twenty-four-hour I™ uptake was 18.6%. Serum 
protein-bound iodine was 3.3yg per 100 ml, and the 
basal metabolic rate was —2. 

An admission electrocardiogram and chest x-ray 
were normal. Skeletal survey showed no bony ab- 
normalities. Upper gastrointestinal and large bowel 
x-ray studies were within normal limits. Bone mar- 
row examination was normal. 

A liver biopsy performed on the 28th day and 
Stained with hematoxylin and eosin was also nor- 
mal. 
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ARCHIVES OF INTERNAL MEDICINE 


Fig 2—Confluent ery 
thematous rash with 
prominent petechial hem- 
orrhages demarcated ab- 
ruptly by shoes on dorsum 
of feet. Moderate edema 
of ankles and lower legs. 


Fasting serum vitamin A level on the eighth hos- 
pital day was 874ug per 100 ml (normal 30ug-70yg), 
and a serum carotene level at the same time was 
182yg per 100 mi (normal 100gg-200yg). 

Hospital Course.—The patient was placed on a 
regular hospita! diet (5,000 units of vitamin A per 
day), and all medications were withdrawn. By the 
third hospital day the edema of her legs had disap- 
peared, without weight loss. She continued to com- 
plain of frontal headaches almost daily during the 
first week of hospitalization, but these gradually dis- 
appeared over the ensuing two wecks. 

By the end of the first weck in the hospital the 
pain in her lower extremities had diminished al- 
though her Iegs and knees were still tender when 
moderate pressure was applied. After the second 
week she was walking without leg pains. The rash 
on her arms, face, and lower extremities was less 
apparent. She did not complain of pruritus and felt 
less tired. At the end of the fourth hospital week 
her liver was still palpable but had receded 2 cm, and 
the tip of the spleen could be felt with dificulty. 
She had normal bowel movements and a normal 
menstrual period while in the hospital. A second 


Vol 112, Oct, 1963 60 


tee wwe 
~ 


E301 


ag ga rrr ee eer ee Le ee 


Oe ae ee 


Se ee a ee ee 


1 oe Om cman em 6 or: 


ee eet Reet oR a ee Bee ee Ee eee ee Ce 


& 


cn 


. 


| 
| 
| 
| 
| 
| 


“HYPERVITAMINOSIS A 


* 
-) 


fasting serum vitamin A determination five weeks 
after admission was 76% g per 100 ml. Ascorbic 
acid level the same day was 0.7 mg per 100 m! (nor- 
mal 1 to2 mg per 10) ml), 

The patient was discharged on the 36th hospital 
day complaining of minimal pain in the legs when 
watking, There was no change in her alopecia at 
the time. Instructions regarding avoiding foods 
with high vitamin A content were given to her. She 
was seen in follow-up clinic two weeks later, and 
at that time a fasting serum vitamin A level was 
527 hg per 100 mi. : 


Comment 


Hypervitaminosis A appears to be a well- 
recognized syndrome in children and adults. 
Different individual responses to elevated 
doses of vitamin A exist. The onset of the 
condition is insidious and follows a variable 
latent period of weeks to 8-10 month¥." 

Vitamin A intoxication may be confused 
with many pathological states since it involves 
many systems. Jn one of the reported cases ® 
the differential diagnosis included brain tu- 
mor, serous meningitis, chronic encephalitis, 
viral radiculocncephalitis, psychoneurosis, 
and infectious arthritis. To this list may be 
added Addison's disease (adrenal cortical 
hypofunction), hypothyroidism, hepatitis, 
and the collagen disorders. 

The reticuloendothclial system is com- 
monly involved in vitamin A intoxication. 
Hepatosplenomegaly and lymph node en- 
largement have been reported in five adult 
patients.5-*"! Liver enlargement is considered 
to be due to large deposits of vitamin A in 
the liver since vitamin A is chiefly stored in 
this organ. Rifulco, however, feels that 
hepatosplenomegaly may be explained by 
deposition of fat-in these organs.’® 

Using fluorescence microscopy, vitamin A 
can be visualized in tissues. A strik ng green 
fluorescence is imparted by this substance to 
the lipoids which carry it, the degree of fluo- 
rescence depending on the amount of vitamin 
A present. Liver biopsy specimens from 
other reported cases of hypervitaminosis A 
are not available. In the present case, routine 
histological methods did not show any ab- 
normality. 
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Hypoprothrombinemia, hypoproteinemia, 
and elevated serum alkaline phosphatase 
without evidence of bone disease may be ex- 
plained in this patient on the basis of hepatic 
dysfunction, Anemia was noted in one other 
adult patient with hypervitaminosis A. The 
exact mechanism of its occurrence is not 
kriown. Stimson 5 feels it is probably related 
to.the hypervitaminosis, since it is a common 
finding in animals. Josephs? indicates that 
normal bone marrow may be replaced by 
pathologic tissue to account for the hypoplas- 
tic anemia that occurred in his case. The 
hemorrhagic dermatoses (Fig 2) of both 
lower extremities as noted in this case may 
be related to increased capillary fragility 
secondary to hypovitaminosis C. Animals 
with experimental hypervitaminosis A show 
low serum ascorbic acid levels and decreased 
amounts of ascorbic acid in the adrenals and 
liver.35 

Neurologic manifestations in this disorder 
are directly related to increased intracranial 
pressure, perhaps secondary to excess pro- 
duction of spinal fiuid.® Unrelapsing, pro- 
gressively severe headache was a constant 
complaint of our patient. 


Arthralgias with bone tenderness have been 
noted in all of the previously described adult 
patients.®.8-14.13.10 Ty children bone pain is due 
to periosteal thickening, and premature 
closure of the epiphyses with growth retarda- 
tion may occur.'” Radiographic bone changes 
have only: been demonstrated in one adult 
case.® Increased urinary excretion of calcium 
with normal serum calcium and phosphorus 
has been described.’? The low-normal pro- 
tein-bound iodine, radioactive iodine uptake, 
and basal metabolic rate in the present case 

"may be explained by the direct counteractive 
effect of vitamin A on thyrotropic hormone 
and thyroxin.!8.10 


Dermatologic changes are a common oc- 
currence after excessive intake of vitamin A. 
Loss of body hair with thinning of eyebrows 
and lashes, pruritus, and dry skin are de- 
scribed in the case report. The skin manifes- 
tations resemble those of vitamin A 
deficiency. 
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toxication with this substance. 


As noted by Stimson,® nonspecific symp- 
toms were present in all patients. Unremitting 
fatigue was the most significant and disabling. 

Treatment consists of withdrawal of 
vitamin A. Subjective symptoms usually 
disappear within two wecks, but hepatosple- 
nomegaly and alopecia may persist for 
months.®-'® Elevated serum vitamin A levels 
may persist for months following withdrawal 
and may in some cases be related to the size 
of the dose and duration of vitamin A intake. 
The fasting serum vitamin A level of 874ng 
per 100 ml reported in this patient is the 
highest ever recorded in a case of chronic in- 


Summary 


A case of « 
39-year-old white female is described. The 
main signs and symptoms included fatigue, 
weight loss, bone and joint pains, bone ten- 


_ derness, loss of body hair, pruritus, dry skin, 


hepatosp!enomegaly, anemia, headache, and 
skin rashes. Similarities and differences be- 
tween this case and the others reported are 
mentioned. 

Trea:ment is specific and curative, consist- 
ing in withdrawal! of vitamin A. 

Arthur L. Levy, PhD, performed the vitamin A 
determinations. 

Joaquin Soler-Bechara, MD, Resident, Internal 


Medicine, Department of Medicine, St. Vincent's 
Hospital, 153 W 1ith St, New York Il, NY. 
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Ballistocardiographic 


Patterns and 


Nicotine 


WILLIAM DOCK, MD 
BROOKLYN, NY 


Types of Ballistocardiographic Patterns 
Evoked by Nicotine and the Relation of 
the Most Frequent Pattern to Effects of 
Nicotine on Respiration, Not on the Heart 


Many reports of changes evoked by nico- 
tine in the high-frequency head-foot ballis- 
tocardiogram have appeared in the last 
decade.!-4 These changes often occur in peo- 
ple known to have heart disease or Buerger’s 
disease (thromboangiitis obliterans), but 
they have been observed in $90 to 1576 of 
normai subjects. There has been no study 
of the mechanisms underlying positive tests, 
but it has been assumed that coronary dis- 
ease might Le a factor in predisposing to 
the change in pattern evoked by smoking or 
chewing tobacco or by the administration of 
nicotine. The possibility that some of the 
changes might be due to noncardiac factors 
was suggested by studies of the respiratory 
variation in systolic ballistocardiographic 
waves in records made with Starr’s method 
or by devices recording motion of the body 
in relation to the surface on which \it 
rests.1516 The findings of a study of posi- 
tive smoking tests on normal subjects are 
presented here. - 


Methods 


The motion of a platform (S044 cm) mounted 
on stiff springs was recorded as described pre- 
viously.” This platform was placed under the pelvis 
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and thighs et the subjects, while respiratory mo- 
tion of thé sternum was recorded by a photocell 
and light beam and that of the abdomen by a 
Harvard pneumograph and strain gauge. The first 
derivative of the brachial pulse was recorded with 
a glycerin capsule and piezoclectric sensing device. 
The respiratory records were made with direct-cur- 
rent amplifiers, and the baseline was constant in 
these experiments. 


The subjects were 14 men, aged 2! to 28, and 5 
men, aged 45 to 55. All were in good health, with 
normal blood pressure and no evidence of latent 
heart diseast. They were selected because they were 
habitual smokers, smoking 20 to 30 cigarettes daily. 
Two of the older subjects preferred to smoke six 
or more cigars daily. The younger men were known 
to have family histories of vascular disease, and 
eight were markedly overweight. 


Results 


In two of the younger group and one of 
the older men, smoking produced a change 
from normal to grade 2 abnormality in re- 
spiratory variation in systolic force. In six 
of the younger men, and one of the older 
men, grade | abnormality appeared on smok- 
ing. One young man went from grade 1 to 
grade 3 on smoking. One of the older men 
had grade 2 abnormality before smoking, 
and the pattern became slightly less abnor- 
mal during and after smoking. Only the 11 
men with positive tests are considered in 
what follows, but it should be noted that 
some of the men with no increase in re- 
spiratory variation in systolic waves after 
smoking showed an increase in pulse rate 
and decrease in rate or depth of respiration, 
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EASTERN COUNTIES DERMATULOGICAL SOCIETY 


an 
\ ; 
YF; EASTERN COUNTIES DERMATOLOGICAL SOCIETY. 
Ipswich, 8 June 1963. 


Juvenile Pityriasis Rubra Pilaris and Vitamin A Intoxication.—Dr. J. Lyon 
and Dr. J. W. Pacuirey. 

A boy aze! 12. 

History.—Since birth, dry scaly red skin, aggravated by sunlight; no bullac. Is 
only one in family affected. First seen in 1956, aged 6. Diffuse redness and scaling 
including fevures. Seborrhoca of scalp with marked greasy scales. Sceanty eyelashes 
and eyebrows. On dorsum of outer two fingers some follicular plugging. Palms and 
soles not ye!!ow. Commenced vitamin A 150,000 units t.i.d. without benefit. 1957, 
dosaze increas to 200,000 units q.i.d. with definite benefit. 1058, developed headache, 
tinnitus, voz.iting, unsteady gait, and papilloedema associated with hydrocephalus, 
Craniotomy ard posterisr fossa exploration and decompression. A.E.G. normal. 
Ventriculog:am. confirmed’ hydrocephalus. : 

October 1955, relapse’ -vith lethargy, aching in legs since restarting vitamin A up 
to two weeks azo. Discs slurred, wasting and weakness of lower limbs. Later improved 
following physiotherapy «nd avoidance of vitamin A. December 59, restarted 
vitamin A, 2),000 units daily. No skin improvement. Gradually increased to 
600,0C0 units daily over lL year. July 61, vitamin A discontinued as he became dizzy 
and weakness vith aching in legs returned. There was some wasting of the intcrossei 
muscles of the hand, while the optic discs showed no papillocdema. His jerks and 
sensation were normal. He felt better when off vitamin A. Since August 61, there 
has been some spontancous improvement of the skin as he feached puberty. 

Investigations. —Skull and chest x-rays normal 1959. Toxoplasmosis tests negative. 
Blood count normal. Histology (1961) showed minimal follicular hyperkeratosis. 


Discussion. 


Professor Catyan said he had had o similar caso of vitamin A intoxication—this sido effect 
of ruised intracranial pressure was not genorally well known. 


» 


Acrodermatitis Enteropathica.—Dr. J. Lyon and Dr. J. W. Pavtrry. 

A boy agei 13. 

History.—Az 6 wecks of age, vesicular eruption on face, forchead, neck and buttocks, 
occurring in ercps every few days, up to the age of 3 years, when they were replaced 
by desquamating psdtiasiforin lesions with fissuring round the orifices, nail deformity 
and complete alopecia. Diarrhoea was present intermittently and at times he became 
irritable, ill and photophobic, with secondary skin infection. 

On examination.—April 1954, age 5 years, he was underweight, miserable, photo- 
phobic; there was complete alopecia, widespread extensive, red, desquamating lesions, 
including hands and fect, and nails were deformed. Corners of mouth were fissured, 
and buccal cavity showed ulceration; tecth normal. Apart from diarrhoea, no other 
abnormality cctectcd in any other system. 

Investigatis~s.— Monilia recovered from the stools and mouth, but no pathogenic 

~ bacteria. Skin lesions showed Staph. pyogenes and monilic. 

Treatment and progress.—Divodoquin 210 mg. daily, increased to 600 mg. q.i.d. 
Ski:., hair ard nail improvement began after a few weeks, but after 2 months sterilo 
bullae reappeared and scaly dermatitis returned, but without diarrhoca. His health 
gradually impzuved after spending a ‘ong spell in hospital from March 1954 to 
December 1935. He was maintained in excellent health (though underweight for his 


t.- : : ' ' ' 
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age) on diodoquin 300 mg. qid. His hair was growing well, teeth rather carious; 
nails, though improved, still dystrophic. Slightly backward at school. He hada dry 
scaly patch on his Icft ankle and some milia on neck. 

March 1958: An attempt was made to reduce dosage to 300 my. b.d. but a skin 
relapse occurred within one week consisting of scaling and crusting round upper lip, 
neck and left ankle, from which neither pathogenic bacteria nor monilja could be 
isolated. 

January 1962: When the diodoquin was reduced to 325 me. tid. he be gan torelapse 
so he was re-aclmitted. FF> was Icthargic, photophobic, palo and off his food. His 
acalp hair became very scanty. Blisters developed on left heel, becoming ulcerated, 
There wero psoriasiform lesions on elbows, popliteal fossae, ankles, genitalia and corners 
of mouth. His nails remained dystrophic. Milia in scars on neck and in lumbar region, 

Further investigations.—No hypoparathyroidism. Serum Ca SS mg.°g, P43 me.%%, 
Numerous tests for malabsorption were normal. Serum proteins, carotene, iron, urea, 
Cl, K, Na, alkaline phosphatase, urinary FIGLU, xylose, 17-ketosteroids and screcning 
test for amino-acids, faccal fat, glucose tolerance test and fractional test meal normal. 
Hb. 70%, P.C.V. 34%, M.CLILC. 30, M.C.D. 6-9. W.B.C. 9,000 percu.mm. E.S.R. 
15 mm. Stools and sputum grew Candida albicans but skin Scrapivas did not. 

Skin biépsy left knee: “ Marked hyperkeratosis, with some acantho-is. The rete 
ridges are broad, deep and rather plexiform,” 

Jejunal intubation and biopsy carried out by Dr. Paullcy.** The mucosa was 
abnormal with villi having branched whorls.” Duodenal fluid culture was sterile. 
Tt was not assayed for enzymes. 

Small bowel barium meal: some clumping of the barium. 

Further treatment.—He responded to 650 mg. diodoquin q.id., a gluted\ free diet 
and long-term oxytetracycline therapy. , : 


(Previously shown at Section of Dermatology, Royal Society of Medicine, in April 
1954 and May 1959.) , 


Congenital Ichthyosiform Erythrodermia and Idiopathic Steatorrhoea.— 
Dr. J. Lyos and Dr. J. W. Pavtrey. 

A woman aged 29. 

History.—Sinco birth dry scaly skin all over. No ono else in family affected. From 
time to time large blisters develop at various sites all over the body. March 1962, 
developed diarrhoea with fluid, non-bloody motions usually at night. Also some 
anorexia and weight loss. : 

P.H. Skin gratting attempted but failed, when aged 14. 

Examination.—Cong 
pine family 
iuded areas 

fter rupture. 

Investigations —Elood count normal. Threo day faecal fat output raised. Stool 
looked abnormal! oN * found. Scrum mucoproteins raised —200 

Carotene low, g. Jejunal biopsy abnormal. Sigmoidoscopy normal. 
hest x-ray and barium meal normal. Small bowel meal, some clumping. Urine no 
porphyrins. 

Skin biopsy. Predominent feature is 

sis. Th i i 


Treatment.—On gluten free dict, stools only once a day. Vitanvin A 50,000 units t.i.d. 
Thirty-five other cascs were also shown and Dr. E. F. Edson of F:soa’s Research 
ntro read a paper on Dermatological -|spects of Agricultural Chemicals, 
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. Pieces of necrotic bone deop in the tissues, in the marrow spaces of which a 
Erant-pos-tive, filamentous, branching organism could be demonstrated. There 
Was also considerable resorption of the cementum and dentine of the adjacent 
rout of a vital lower incisor which had been removed en bloc with the epulis, 

Jt was not, of course, possible to type this filamentous organism from the 
Appearances in a tissue section alone, but morphologically it was indistinguish- 
able from, cctinoniyees. 

It is sugzested that, 
mouth in assoc 


where chronic franulomatous lesions occur in the 
iation with resorption of adjacent tecth, the Possibility of an 
setinomycotic infeetion should be considered. 

The aut'crs wish to express their 
of Bacterist. zs University of Edinb 
A. Hunter a? Miss yr. Forfa; 


Gratitude to Dr. J. M. SfcWilliams of the Department 
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for technical assistance. 
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HYPERVITAMINOSIS A 


Report of a Case 


Joe HH. Smith, D.D.S., Dallas, Texas 


s 


| eueee eatin is most conimonly associated with the fat-soluble vitamins, 
especially vitamin D. Hypervitaminosis A has been reported rarely. 
However, the effects of overdosage of this essential Vitamin for lung periods of 
time are serious enough to make one aware that hypervitaminosis may produce 
eertain oral lesions. Also, the common practice of prescribing this vitamin for 
skin problems, especially among teenagers, adds to the necessity for considering 
ithe possibility of hypervitaminosis A in this age group when oral lesions are 
Present. — 

The symptoms of hypervitaminosis A deseribed by Goodman and Gilmant 
include subcutaneous swellings in the forearm, shanks, feet, and. elsewhere. 
The lesions are tender and painful and cause hyperirritability and limitation 
of motion. Multiple bone lesions, which are usually present under the sub- 
cutaneous swellines, can be seen rocntgenographieally and can be demonstrated 
as hyperostoses. Other signs and symptonis which may be present include 
anorexia; pruritus; dry, scaly lips; bleeding fissures at the corners of the mouth; 
dry, excoriated skin; and Sparse, coarse hair. Plasma vitamin A may reach a 
level from 400 to 2,000 units per 100 ml. 

The syndrome of hypervitaminosis A reported in an adult by Sulzberger 
and Lazar? included joint and bone pain in addition to the above symptoms. 
Tkat patient had a daily intake cf 600,000 units or more. 

' In children, an intake rangi.> from 75,000 to 500,000 units daily. has 
caused a hypervitaminosis A, Usually these high intakes have resulted from 
overzealous prophylactic vitamin therapy on the part of parents who have 
confused percomerph-liver oil with the less potent cad-liver oil, There is a 
latent period of 6 months or more between the « irt of excessive dosage and 
the appearance of diagnostic clinical signs of poisoning. 

—— The following case is thought to be fairly representative of hypervitaminosis 

A, except that no hyperostoses were demonstrable rocnigenograplically, ay seen m 

min tho left forearin 


CASE REPC*T 


The p2:-ect, a ld-year-old white boy, was seen on June 1, 1961, with complaints of 
swollen, ble-Jing, and tender gingivae. The condition had been present for several weeks 
but had act Leen severe enough to send hic to a dentist. His physician referred him for perio- 
dontal exat cation anl consultation after observing the oral condition during his physical 
examinatics of the youth. The history revealed that the patient had been wounded in a 
bunting acc.-ezt alout $ months previously. His right arm was shattered by a shotgun 
blast, but s-zical interventiou had prevented its loss. Shortly after leaving the hospital, 
the patient Zereloped an acnelike condition on his face and went to a dermatologist. Along 
with other therapy, vitamin A ia the amount of 59,090 units daily was prescribed. 

At the tome I first saw the patient he was taking 200 mg. of vitamin C, 300,000 units 
of vitamin A, and 1 grain of thyroid extract daily. His physicina had prescribed the 
thyroid extract to help overcome the lethargic condition which had developed. The putient 
bad decifed that if 59,000 units of vitamin A was good, six times that amount would be 
that much Letter. His physician was not aware that he was taking this excessive amount 
of vitamin A. The vitamin C was being given empirically to help in the lealing of the 
wounded arc In aldition to the piarginal gingivitis (Fig. 1), the lips were dry and sculy 
(Fig. 2) a=2 bled easily, Purther Questioning disclosed that the patient was bothered by 
itching, dry sin, painful shins, and loss of appetite. He admitted to turing excessive doses 
of vitanuia A over a 6 menth period. : 
~~ Tho reas of the history was neyative, except for the drinking of one quart of skim 
milk daily azd a carbonated orange drink which the paticat thought gave him an “energy 
boost.’’ The dental excminution reveuled teeth that were crowded in tho anterior region but 
“free from caries. Tie functional pelutivn af the arches was Rood. The patient ede hi ferth 
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once dnily after beenkfost, and the teeth appeared elean aml welt eared for, The slegree 
of gingivitis was out of all proportion to the local irritants present. Treatment consisted 
of eliminating the skim milk, orange drink, vitamin A, and shyrolt extract. The patient 
was furnished with a disclosing solution (basic fuschin in aleohol) and piven instructions 
in ite usc. A tootibrushing technique and interdental massage to help eliminate the edematous 
conditiun of the gingivae were demonstrated to him. No office treatment was given, 

The condition of the gingivae was improved one week later (Fig. 3). The dry, sealy 
appearance of the lips had improved considerably (Fig. 4). The patient bad better appetite 
and more encrgy. The pain in his shins was gone, as was the dryness of his skin. 


DISCUSSION 


While tenderness, swelling, and blecding of the gingivac have not been de- 
seribed as part of the hypervitaminosis A syndrome, it would seem logical to 
assume that they would be present along with the other signs.and symptoms, 
since the epithclium is one of the tissucs more directly affected by this condition. 
It is entircly possible that physicans, in their examinations, failed to notice the 

F gingiviti$ or to attach any significance to it, since gingivit'3 is so common 
among persons of all ages. > 

Also, in this particular case, we sce the fallacy and danger of treating the 
symptoms rather than the cause. The oral findings illustrate the need for a 
careful history as regards dict and medication, as well as the importance of 
secing the patient as a total individual rather than Just an oral problem. 


SUMMARY 


A case of hypervitaminosis A in which a typical marginal gingivitis was 
part of the syndrome has been presented. 
The need for an accurate history and examination is well demonstrated. | 
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Uypervitaminosis A 


Report of a Case 


STANLEY 5S. BERGEN, Jr., stp.® 


rasan hypervitaminosis A may be 
encountered fairly frequently in pediatric 
practice’? only cight cases have been de- 
seribed in adults.4~'" The acute form of 
vitamin A intoxication has been noted in 
persons ingesting large quantities of polar 
bear liver'!? or excessively large single doses 
of vitamin A." Chronic hypervitaminosis A 
occurs in patients who have received large 
doses of this vitumin for dermatologic condi- 
tions and who have continued subsequent 
intake without aedical supervision, and in 
food faddists who include lirze doses of various 
vitannn preparations in their daily dietary 
regimens. The present case is at example of 
the latter. 


REPORT OF CASE 


A sixty-two yeur old single white woman (C. F.) 
was first admitted to St. Luke's Hospital in Sep- 
tember 1963 because of stasis ulcers on the lower 
areas of both legs. The patient stated that she 
had had dry sealy skin for many years and had been 
told that she had atopic dermatitis. Stasis ulcers 
were first noted Uiree years prior to this adinission 
and were severe enough to require the patient's 
hospitalization elsewhere one and a half years hater. 
Despite continuous local therapy, the ulcers had 
never healed completely. Might aonths prior to 
this adinission, the lower portions of her legs became 


From the St. Luke’s Convalescent Hospitul, Green: 
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ted and the ulcerated arcas began to enlarge 
Reeauss of this she was hospitalized elsewhere for 
three months but the lesions failed to heal. Shortly 
after ior discharge, the condition became more 
severe and prompted her to visit: the outpatient 
departinent of St. Luke’s Hospital, 

ITer past medical history disclosed that she was a 
food faddist who had adhered to a Jactovegetarian 
diet from 1922 to 1911 and from 1960 until the 
present. She thought that she was “allergic to 
eggsp meat and fish,” but when pressed to describe 
her reaction to these foods stated that “they don’t 
agree with me because they forin gas." The patient 
had noted weakness and fatigue for many years, 
and complained of chranie constipation with lower 
obdomund erampy pain that was partially relieved 
following bowel amovements. She had had dull 
headaches daily for the last two or thive years but 
associated their occurrence and relief with bowel 
habits and “successful climination.” 

The patient had bilateral shoulder pain and low 
back pain of five vear's duration. Previous x-ray 
studics of her shoulders and knces revealed evidence 
of mild to moderate osteoarthritie changes. Three 
years! prior to admission (he patient stated that 
ull her body hair had fallen cut and the portion 
that rogrew was Very sparse. F 

Physical examination revealed a well developed, 
poorly nourished woman, of stated age, weighing 103 
pounds,  Tempcrature, pulse, respirations and 
bleod pressure were within normal limits. Her 
hair was very sparse and coarse, with marked thin- 
ming 1 the temporal areas; axillary hair, pubic hair 
and cychrows were nonexistert. The patient's 
shin was jaie white, very drv and sealy, The 
lower portions of ‘ier legs were edematous, with 
moderate erythema and punctate hemorrhagic 
lesions. .The lower sicdial portion of her left leg 
contained a 3 by 5 cm shallow wleerated area. 
The entire right leg, from ankic to knee, was scaling 
with many fissarcs and small ulccrations that were 
secping clear scrous fluid. There was an excoriated 
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papular rash on both legs extending from just below 
the knee to the mid-thigh, Ears, nose and throat 
were normal as were the eyes, including funduscopic 
examination, There was no venous engorgement 
_or thyromeguly; the heart was of normal size and 
no murmurs were audible. The tings were clear 
and ne abdominal abnormality or tenderness was 
noted, The results of pelvic and rectal examinations 
were within normal limits. Neurolagic exiaination 
revealed = symunetricully equal 
tendon reflexes, normal Sensory feaction, motur 
power and coordination, ; 

Both shoulders aud knees were tender to palpation 
and joint motion, but no gross abnormalities were 
noted. The patient claimed tenderness upon 
palpation of her dorsodumbar spine und noted 
pain on bending at the waist and on straight leg 
raising. Pressure over the long: bones clicited 
moderately severe pain. 

Laboratury data included a normal white blood 
ecll count and differential, a hemoglobin of 13 gm. 
percent. A urinalysis showed a specific gravity of 
1.026 and a trace of albumin, it was otherwise 
within normal limits. Results of Mazaini und 
cephalin flocculation tests were negative; thymol 


hypoactive deep 


turbidity was 2.1 units, fasting blood sugar 83 my. 
per cent (technicon), total proteins 6.5 gan. with 3.6 
gm. of albumin, (uial cholesterul 212 amy. per cent, 
serum calcein 9.8 mg. per cent, serum phosphorous 
5.0 my. per cent and alkaline phosphatase 4.8 
Bodansky units. Latex fixation titer was Jess than 
1:20; protein eleetruphoresis revealed a slight in- 
crease in gamma glubulin and serum transaminase 
was 62 Sigina units. An clectrocardiogram was 
within normal limits, as were rocntgenograims of the 
gallbladder and the upper and lower gastrointestinal 
tract. A chest roentgenogram ‘disclosed emphy- 
sematous lung fields, urteriosclerotic changes in the 
aorta and a sliphtly enlarged heart. X-ray films 
of the shoulders and knees revealed marked gen- 
eralized demineralization of all bones with marked 
ostcoarthritis, Roentgenograms of the spine dem- 
onstrated kyphoscoliosis with aiccrior slipping of 
the seventh cervical and first’ dorsal vertebrae, 
collapse of the fifth dorsal, first, second and fifth 
Kimbar vertebrae with marked osteoarthritis. 
Shortly after admission, the paticnt: had a 
Spontancous unterior dislocation of the right 
humerus which was reduced mianually, With 
focal cleansing, and the administration of bacitracin 
and hydrocortisone sintnent, seating and cracking 
of both legs seemed to diminish, but the ulcer on 


the left leg failed to heal. ‘The edema and erythema 
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in the lower extremities subsided with bed rest, 
and the patient was fitted with a back brace in an 
attempt to relieve same of the puin associated with 
her vertebral compression fractures and osteuporosis, 
Despite repeated Ciscussions with the patient, she 
refused to change her dietary habits, 

In fate October the pationt was transferred to the 
Convalescent Unit of St. Luke's Hospital, where 
these findings were noted, and a small firm mass was 
palpated in her left breast. Lhe striking association 
of her physical appearance, dietary habits and 
clinical condition sugpested the possibility of 
chrome hypervitaminosis Al Analysis of her 
dictary history revealed an average daily intake as 
outhined in Table t. 


Tance t 

Sunmnary of Daily Dictary Tntake® 
i 
Protein 75 gin. (15°) 
Fat. 40 gm, (185) 
Carbohydrate 380 gin. (6760) 
Vitamin A in food consumed. . KTIALU, 
(normal 5,000 
1.U.)} 

34 meg. 
(normal 05 
mg.) 
ance eet ae eens 


* Total calories 1,078. 


Vitamin C in food consumed 


The puticnt stated that she had taken numerous 
Vitamin preparations daily, including the hos- 
pitalization period, for at least eight years. These 
included 33,383 1.U. of vitamin A, 40 my. of vitamin 
Bi, and 500 mg. of vitamin C, and were supple- 
mented from time to time by the parenteral ad- 
ministration of vitamin By; and vitamin preparations 
prescribed and/or admini tered during hospitali- 
zutions, e 

The serum vitamin A level at this time was 163 
HE. per cent (normal JO to TO pe. per cent) and 
seruul carotene concentration Was 375 we per cent 
(uormal 100 to 200 pe per cent). Subsequent 
Juboratory data included a blood urea nitrogen of 
Vhong. por cent, scrum vitkuinin CLs my. per cent 
(normal 0.4 to 1.5 mg, per cent), prothrombin time 
V4 seconds (100 per cent activity), protein-bound 
iodine 10.8 py. with total iodine of 11.0 pg. and T, 
resin uptake of TAG (normal range O.S2 to 135) 
(some of the paticnt’s vitamin preparation con- 
tained iodine supplements). Serum triglycerides 
Were $20 my. per cent, 24 hour urine. for creatinine 
TOS ang. per 24 hour volume (normal 13 to 25 me. 
per ky. body weight: per 24 hours), creatine 47 
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nyg. per 2 hours (normal less than 100 my.) and 
ulpha amino nitrogen 143 mg. per 24 hours (normal 
Gt to 10 mg, per 2) hours). Spinal puncture 
reveled clear spinal Mind with pressure of 150 sam, 
of cerebral spinal tutd. Cell count, protein and 
colloidal gold uptake were normal; the spinal 
fluid vitamin A level was zero, 

During the pationt’s hospitalization, a mam, 
moran covealed a sinall density in the lower margin 
of her fefi breast and she was returned to St. 
Luke's Hospital where a left radical mastectomy 
was performed with apparent complete removal of 
an adenoecarcinama, All vitamin therapy was 
stopped and over the ensuing two months there 
was a striking change in the pationt’s clinical status, 
The skin cleared, the ulcer on the leg began to 
granulate fer the first time in almost two years, 
constipation subsided, body hair increased, head- 
aches ceased and the patient’s general affect: ime 
proved. At the present time, although the bone 
pain has cleared, back pain and shoulder pain 
remain as the mest significant complaints probably 
due to the compression fractures and osteoarthritis, 
Scrum vitamin A level was SO yg. per 100 mi. 
and carotene level 189 pe. per 100 aml. six months 
after cessation of vitamin A therapy. 


COMMENTS 


This patient had many clinical symptoms 
and physical findings suggestive of chronic 
hypervitiuninosis AA" Although her daily 
intake of vitamin A may have been less than 
the minimal value of 50,000 1.U. per day which 
Stimson"? considers necessary to cause this 
clinical condition, it is possible that this 
patient’s neurotic state interfered with her 
ability to relate to us her actual daily vitamin 
ingestion. Aside from this supplementation, 
she was receiving alinost twice the datly re- 
quirement of vitamin A in her diet. Wer 
skin lesions, sparse hair, refractory stasis ulcers, 
bone pain, headaches, abdominal pain, con- 
stipation and peripheral edema all disappeared 
entirely or diminished with cessation of exces- 
sive vitamin A intake. ‘The serum vitamin 
A level, which was extremely high when she 
was first seen, returned toward normal after 
withdrawal of vitamin A supplementation for 
six months. The zero vitamin A level ip the 
patient's spinal fluid cannot be evaluated 


sinee te our knowledge no previous measure- 
ments of this type have been performed. The 
minimal syniptonss of central nervous system 
involvement that she manifested, compared to 
those in some of the cases previously re- 
corded,’-* ntay be related to this zero level. 
There was no evidence of significant muscle 
wasting as indicated by the relatively normal 
urinary levels of creatine, creatinine and 
alpha amino nitrogen. 

This is the ninth case of chronic hyper- 
Vitaminosis A to be reported since Joseptrs 
directed attention to this entity in 19t4.! 
Some of the cases have been diagnosed by 
clinical signs alone, while others have been 
confirmed by the clinical course following 
withdrawal of vitamin A supplementation. 
Other cases have been confirmed by the 
measurciment of serum vitamin A and carotene 
levels.69-"" Unfortunately, because different 
methods have been used, no comparison can 
be made of these values. Although the highest 
serum vitamin A level, was recorded in’ the 
ease of Soler-Bechara and Soscia,"' we believe 
the method employed by one of us (O.2.) is 
the most specific and accurate one available," 
and indicates a definitely elevated level. 

Due to the lack of awareness of the condition 
and) poor attention to recording dietary 
histories, in many of the previously recorded 
cases long periods clapsed before the correct 
diatmosis was established.’ This leads us to 
suspect that many patients, in particular food 
faddists and many of those diagnosed as being 
psychoneurotic, may be aflicted with hyper- 
vitaminosis A. Clinical expression of this 
disease is noted in the integument, musculo- 
skeletal system, gastrointestinal tract, central 
neevous system and hematologic system, Al- 
though the onset is variable, it is probable that 
the excessive intake of vitamin A must persist 
for from eight to twelve months. Stimson"? 
believes that ingestion of 50,000 1.U. of vitamin 
A a day as supplementation for eighteen 
months is the minimum requirement for the 
production of symptoms, whereas Gerber et al.” 
report that at feast 2,000,000 1.U. are needed 
ina single dose to cause acute symptoms. 

Paticnts with hypervitaminosis A can pre- 
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sent with a wide spectrum of signs und symp: 
toins!-"! Fatiyue, malaise and lethargy arc 
common presenting complaints and are usually 
accompanied by one or inure of the followin, : 
abdominal discomfort, bone and/or jot 
pain, severe throbbing headaches, insonmuia 


and restlessness, night sweats, loss of body hair 
and/or brittle nails. Rarer symptoms inchide 
constipation, irregular mieuyes and emotional 


lability. Confirmatory evidence gained: frou 
physical examination includes the loss of 
eyebrows and other body hair; dry, scaly, 
rough skin with brawny desquamation; —pe- 
ripheral edema with petechial-like lesions; 
mouth fissures and yellow waxy pigmentation 
(due to carotenoid deposits) particularly im- 
valving the soles, palins and nasolabial folds. 
Although these patients sometimes have an 
appearance and history suggestive of hypo- 
thyroidism, they often have exophthalmus. ©!" 
Pundal changes of early papilledema and other 
signs of inercased intracranial pressure have 
peen noted and are probably secondary to 
increased formation of cerebral spinal fuid.? 


Lymphadenopathy and hepatosplenomesaly 


have also been observed.6-" Abnormal lal- 
oratory findings include anemia, hy popre- 
teinemia, — hy poprothrombinemia, increased 
total blood lipids, increascd serum alkaline 
phosphatase and increased urinary calcu 
excretion? 

A low basal metabolic rate is often recorded. 
No typical bone lesion 1s demonstrable on 
roentgenograms to explain the pain and 
tenderness, although occasionally periosteal 
overgrowth may be noted." 

Differential diagnosis can include almost 
any chronic debilitating disease or psycho- 
neurosis. Diseases associated with yellowing 
of the skin, such as Addison's disease, hy po- 
thyroidism, jaundice and hemosiderosis, should 
be considered and almost any type of central 
nervous systean disease can be mimicked by 
hypervitaminosis A. 

The spectrum of this condition and the 
availability of many vitamin preparations 
require the physician to maintain a high 
index of suspicion when confronted with a 
patient who has an unexplained multiple 


system disease."* Only a complete nutritional 
history may disclose the paticut’s underlying 
process. “Treatment consists of the withdrawal 
of the offending agent and appropriate sup- 
portive care as indicated. 


SUMMARY 


A patient with clinical hypervitaminosis A 
and elevated serum vitimin A and carotene 
levels is presented. Many of her signs and 
symptoms were typical of this entity which 
was discovered after obtaining a complete 
dietary history. The paticnt’s condition im- 
proved following cessation of vitamin A supple- 
mentation, 
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Communications 


Liver Lipids in a Case of 


Hypervitaminosis A 


R.F. Krause, M.D., PH.D.° 


| ee and Roels have recently sum- 
marized the pertinent literature dealing 
with acute and chronic hypervitaminosis A.' 
The clinical signs and symptoms of toxicity in 
man have been well documented but there is a 
sparsity of data on the biochemical effect of 
excessive ingestion of this vitamin. Since 
vitamin A is stored primarily in the liver as a 
lipid-like compound and since it has been in- 
criminated as causing fatty acid infiltration in 
the reticuloendothelial cells, especially the 
Kuplter cells of the liver, when consumed in 
large amounts,’ it appeared worthwhile to in- 
vestigate the effects of prolonged ingestion of 
this vitamin on the various parameters of liver 


lipidsin man. The present case is presented for _ 


this purpose. 


REPORT OF A CASE 


A seventy-nine year old, married, white man was, 


admitted to the University Hospital in October 1064 
because of a cerebral vascular accident that occurred 
on the day of admission. Prior to the present ill- 
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ness, his wife stated that he had been in excellent 
health. A pertinent fact not recorded in the medical 
history but known by me was that he had taken 
50,000 1.U. of vitamin A daily for the past seventeen 
years because he thought it was “good for him.” A. 
review of his dictary habits revealed a balanced food 
intake with no evidence of food faddisms or excessive 
intake of those foods high in vitamin A or its pro- 
vitamin. careful review of the recorded history 
and physical examination revealed none of the 
classic signs and symptoms of vitamin A toxicity. 
The patient died on the cighth hospital day. Post- 
mortem examination confirmed the clinical diagnosis 
of cerebral vascular accident’ and arteroscicrotic 
disease. . The liver showed no gross ec” microscopic 
evidence of disease. 


/ 
} CHEMICAL METHODS 


Immediately after death the liver was remeved, 
wushed free of blood and sectioned for chemical 


_ analyses. J.ipid was extracted with chloroform. 
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methanol.* The lipid extract was analyzed for vita- 
min A content! and the various lipid comporents 
were separated by means of silicic acid chromatog- 
raphy. Duce to the contamination of the cholesterol 
ester with vitamin A, it was necessary to determine 
the quantity of this esterified sterol by the Leiber- 
man-Burchard reaction.£ The types of fatty acids © 
esterified with the various lipid fractions were deter- 
mined by gas chromatography.’ 
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RESULTS 


The liver weighed 1,575 gm. and contained 
5.40 gin. of vitamin A. The concentration of 
the ether lipid components expressed on the 
basis of grams per 100 grams of fresh liver were 
3.56 (total lipid), 0.86 (neutral fat), 1.56 
(phospholipid), 0.03 (cholesterol ester) and 
0.15 (free cholesteral). 

The major fatty acids associated with tri- 
glycerides were palmitic (18.2. per cent), 
stearic (12.4 per cent), oleic (27.5 per cent), 
linoleic (6.3 per cent) and arachidonic (3.4 per 
cent). The distribution of fatty acids in the 
phospholipid fraction was palmitic (32.8 per 
cent), stearic (21.1 per cent), oleic (18.4 per 
cent), linoleic (18.7 per cent) and arachidonic 
(9.0 per cent). 

Due to the large amount of vitamin A ester 
present in the liver it was not possible to purify 
the cholesterol ester fraction. Therefore, the 
fatty acids associated with cholesterol were not 
measured. It was possible, however, by silicic 


acid chromatography® to isolate a 97 per cent 
pure vitamin A ester fraction which contained 
68 per cent palmitic, 10.7 per cent stearic, 13.6 
“per cent oleic and 7.6 per cent linoleic acid. 


COMMENTS 


The total amount of vitamin A stored in this 
liver was approximately forty times the normal 
amount found in livers from elderly subjects® 
and the concentration was approximately half 
of that reported for polar bear liver." The 
total amount of this vitainin stored represents 
about 5 per cent of the total amount ingested 
(excluding dictary source) over the seventeen 
year period. 

It was unfortunate that blood samples and 
sections from other tissues were inadvertently 
lost at the time of autopsy. It would have 
been interesting to have noted the concentra- 
.. tion of vitamin A in tissues not primarily con- 
cerned with storage. 

From a nutritional point of view, it is in- 
teresting that the ingestion of this excessive 
amount of vitamin A for seventeen years did 
not produce any well recognized signs and 
symptoms of toxicity. This finding would sug- 
gest that vitamin A toxicity is perhaps related 
as much to the individual’s susceptibility or 
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resistance to toxicity as to the amount ingested. 
Certainly on a total intake basis this subject 
had consumed a sufficient amount of vitamin A 
to have produced toxic effects. Perhaps, how- 
ever, toxicity did not develop due to an ac- 
quired tolerance or a compensation which may 
have developed because of the prolonged, ex- 
cessive ingestion of this vitamin. Until we 
understand the metabolic effects and metabo- 
lism of this vitamin more thoroughly, the rea- 
son for differences in individual susceptibility 
will remain unanswered. 

The storage of this excessive amount of 
vitainin A appeared to have had little or no 
effect on the concentration or partitioning of 
the various liver lipids. The total lipid con- 
centration and the amount of the various lipid 
fractions in this case compare favorably with 
reported values for normal hutan livers.! 
Therefore, these findings do not support the 
view. that hypervitaminosis A is associated 
with an increase in liver lipid.* 

The storage of excessive amount of vitamin 
A, however, does appear to influence the com- 
position of liver fatty acids. A comparison of 


_ the fatty acids found in the livers of normal 


elderly persons" with those obtained from this 
liver revealed that (1) the major fatty acid 
component of this hypervitaminotic liver was 
palmitic acid, in counter distinction to oleic © 
acid in a normal liver; (2) the increase in con- 
centration of vitamin A was associated with an 
increase in the percentages of palmitic and 
stearic acids in liver triglycerides; and (3) the 
normal percentages of the various fatty acids 
associated with the phospholipid fractions were 
not affected by the increased concentration of 
liver vitamin A. 

The increase in the concentration of palmitic 
acid found in this liver is no doubt due to the 
large amount of vitamin A esterified with pal- 
mitic acid.:'? It is interesting to note, how- 
ever, that about 20 per cent of the vitamin 
ester was in combination with unsaturated 
fatty acids. In general the major fatty acids 
esterified with vitamin A were palmitic, stearic 
and oleic. 

The biochemical significance of esterifying 
vitamin A is unknown. It has been postulated 
that the esterification process may be the 


Hypervitarminosis A 


liver's way of detoxifying excessive amounts of 
vitamin A.® This question will remain un- 
answered until the “physiologic active’ form 
of vitamin A is established. 

SUMMARY 


The ingestion of 50,000 1.U. of vitamin A by 
an elderly adult for seventeen years did not re- 
sult in obvious signs and symptoms of vitamin 
A toxicity. The total liver contained 5.4 yan. 
of vitamin A. The lipid content was within 
normal limits. Palmitic acid was the major 
fatty acid in the various lipid fractions isolated. 
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lone being capatle of modifying the initial rexponse and the vehicle being neces- 
sary to maintain it so. ; 

Despite the application of steroid medication, the phenomenon of tissue repair 
was not hindered and the deposition of reparative dentin occurred on schedule. 
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A STUDY OF THE EFFECTS OF HIGH DOSES OF VITAMIN 
A ON ORAL LEUKOPLARIA (GLYPERRIATORIS),  EN- 
CLUDING TONICITY, LIVER FUNCTION AND SKELETAL 

‘' METABOLISM 
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Control of oral leukoplakia (hyperkeratosis) is an un-olved problem beeuuse it 
cannot always be reversed or diminished by ren.oving irritants, the location and 
,extent of the lesions do not always allow surgical or diathermic removal, und 
‘some loukoplakias are avociated with developmeut of squanious carcinomas.” 4 
‘For the purpose of this study, leukoplakia (hyperkeratosis) is defined as any 
white patch or plage on the oral mucous membrane that cannot be removed by 
scraping, cannot be reversed by removing obvious irritants, cannot be cla-sified 
clinically or miem-copically as another diagno-able di-ca-c, and is histologically 
characterized by hyperkeratosis without cellular dy-pla-a. 

Two previous report-7 have de-cribal either complete or partial and tem 
porary remissious of oral leukoplakia in 22 of 35 patients who dissolved troches 
containing 450,000 40 750,000 units of vitamin A in the mouth daily for two to 
six weeks. Serum vitamin A levels in these subjects showed temporary increases 
which could ngtbe correlated with lesion respouse. Histoloric exanirations re. 
vealed decreases in the thickness of the stratum corneuni and consistent tenden- 
cies towards les-er degrees of cornification. Exfotiative evtelogic stidies showed 
decrea cs in both cytoplasinic acidophilia and denucleation. Half of the patients 
al~o displayed toxic effects consi-ting of dryness, itching and cating of the skin. 
These effects disappeared short!y after vitamin \ admini-tration was discon: 
tinucd: The purpose of this investigation was to aciuire more information on the 
clinical, histologic and metabolic cflect~ of hypervitamino-is Ain human subjects. 


Matertwts ann Mezioos 


Six human adults with oral leukoplakia were used for this <tudy. All bat pa- 
tient P. B. had previously taken high do-ages of vitamin A for their oral leions: 
1) D. C,, who had a daily intake varying fron. 300,000 to 250.000 unit for 15 
months, stopped three month- prior to this investigation; 2) A.C. who had a 
daily intake of 750,000 units for three weeks, stopped five months prior to this 
investigution; 3) D. M., who had a daily intake of 75,000 units for IN years, 
stopped 12 months prior to this study; 4) L.C., who had a daily intake ranging 
fro: 300,000 to 750,090 for ten weeks, stopped 14 months prior to this investiga 

Schouls of Dentistry and Medicine, Unjversity of California, San Francisco Medical 
Center, San Francisco, California 

This investigation was sunperted by the Regeuts of the University of California, the 
California Dental Association, and Dome Cheniieale, Tne, New York. This work woe cur 
ried out in the General Clinical Research Center, Ueversity of California, Grant Nu FE 
79 from the Division of Research Facilities and Ie -urees, National Institutes of Heath 
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tion; and 5) F. B., who had a daily intake varying from 450,000 to 600,000 units 
for five months, stop jed 1S months prior to this investigat.on. The patic 
hospitalized for six-day study periods before and during vit 
tion. Each patient had the following studies: 1) complete medical and physical 
@amination; 2) complete blood count and urinaly~is; 3) broniwulphalein excre- 
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Response of leukoplakia. Table 1 lists the changes in the oral leukoplakia and 
alterations in scrum total vitamin A and carotene following vitamin A ingestion, 
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There were two complete responders (fig. tb) and three partial res. ders (fig. 2); 
this distribution of rensissions is similar to our previous findings. 

Serum ritumia A and carotene. As shown in Table 1, fasting serum vitamin A 
concentrations increa-cd from 4 to 2h tines control levels after four weeks of 
vitamin AV ingestion. Serum carotene levels in five of the six patients were all 
within a normal range and wen not altered in any apparent pattern by inereased 
serum vitamin A levels. 

Histologic changes. Table 2 de~cribes the histologic changes observed in the 
leukoplakic speciinens before and during vitainin A ingestion, Serial sections 
were examined from each biopsy, comparing vitamin A and control speciacna 
with each other us well as with a syacunen from adjacent clinically nora. ap- 
pearing muco-a. The microscopic changes of the leukoplakias were consistent 
with the clinical re-pur-e~ (fig. 2). Adjacent clinically nomnal appearing mucosa 
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showed neither histologic abrormalities nor interval changes. The vitamin A 
spevimen from patient D. C., who had complete muassion of his ipukoplahia, 
diqpayed an apparent increa-e in the obwrved mumnber of mitotic figures. 
Taricity. Table 3 lists the eferts displayal by the patwnts during the fourth 
and Sfth weeks of vitamin A adiini-tcution (fig. 3). AML of these signs and symp 
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toms dissppeared within 20 days after Qo aactiut g Vitamin A. Photoscnsitivity 
demonstrated by patient D. M. and urinary retention afflicting patient PLB. 
have not been reported previously. 

Liver function. Table 4 iluctrates an effevt of hy pe ‘rvitaiminosis A on liver fune- 
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tion as reflected by clevation of BSP in three of five patients, a1 d small rises in 
SGOT in three patients. Liver function tests after discontinuing vitamin A re- 
turned to pretreatment level), except in paticnt D.C. in whom the BSP returned 
towards nonnal. Alkaline phosphatase doc not appear to be affected. There were 


no clinical symptoms or signs of liver dy ~furction. 
Calcium dynamics. Table 5 1.-t4 the data for the effects of vitamin Non calcium 
and phosphorus metabolism and strontium kinetics. Berum calcium, pho-phonis 
and percentage tubular re-orption of pho te were normal and did uot sig- 
nifcantly change during vitamin A adyuit on. Patients F. B. sud D. MM. 
bad simall miscible poo!s; and all bone de , mutes, except for the control 
study in pationt D.C., wore below uonnal. T 
any of the Kinctic measurements induced by bigh du-c> of vitamin A, Bone 
surveys showed some degree of oxteoporo-is, and there was no evidence of change 
at the cnd of vitamin A adn 
Other exauinalins. The cong 
serum proteins, fasting blood su 
within normal lunits or showed no sig 
tested, hyperitaniine-ix A had no specific or consistent i 
thyroid hormone of ~eruni accorbic acid (table 6). 
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Discvss1onx 

Vitamin A studies on keratinization were first stitnulated by obser atians 
that in some vitamin A-deficicnt animals nucous type epithela converted to 8 
keratinizing type”. Thew fading. subsequently prompted the thegght that 
vitamin Ain certain forms and concentrations may inhibit or alter hyperkere 
to~is. This has now been confined in oralleukuplahiast! 3:0) 9+ ot O°) eextaae 
dermatologic dborderst: “and in a variety of animal experiments? % 7 and 
tissuc culture studies'®: Although the n.echanisnis of action of vitanin A 
on keratinization are unknown,'* 9 in ritvo and in cco studies have tne sted 
the following possibilities: 1) alteration of sulfur mctabolian which nay interfere 
with keratin formation? "1. 2) the micarc of 9 ly-o~nial protiase 
that nuy brak down keratin or inhibit its precursors © 7° * atal 3) an inervawd 
mitotic indeaxt® © “ which may alter epithelial maturation precluding keratin 
formation. 

No matter what the baie nicchanism of action might be, our previous -tud 
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fes® ™ have shown that the effert on oral loukoplakia appears to be dependent 
wpon undeteriiged bea factors and troche type adnianistration and that ce 
Bponsiveness did not correlate with absolute or alative serunt levels ef vitamin A 
On the other hand, Johnaon, Ringstorf and Chenaskin i 19647 reportald that 
systenic adh 


intstraton induced omission in sone oral leukoplakias. Wall in 
1957 alo made this observation. In our previous series,© two patients who were 
complete re-ponders to oral troches (W00,000 U per day for two weeks) demon- 
strated no response ty -inilar do-ages in egprule formu of vitamin A acetate. Our 
previnus studies al~o -how the effect not to he dependent upon the type of lou- 
koplakia (hyperocthokerato-i« or hyperparakeratosis), age or intraoial site. One 
ob-crvation it: our previous studies had been that all complete re-ponders (9 of 


males, who-e ages ranged fron: 37 to 73 We had s-cculated that this obsemvation 
indiwated so jaribic sex diference, which could be related to antagonism be 
tween e-tmgen and vitunin VO & However, based on the complete respon-e of 
patient DAL, a 33-year-old fenale, it uppears that there may he no sex 
response differciice, 

In all in-tances, remissions appear to be masinal in two weeks) and, upon 
withdrawal of vitarnin A, the le-ious recur in their original form in ayyroxi- 
mately two weeks. Of interest, in three patients studicd with hyperkeratosis 
axswdated with lichen planus, the ns 


sinny were of longer duration, and the 
besions ob-erved for mur than one year Lave not returued to their original in- 


tensitics of kerato-is. Adinii stration of placcbos in some of the leukoplakir 
complete responders has not induced ar wnissions. 
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As indicated in Table 1, the conteul scram levels of vitamin A were ce scntially 
all within the normal range, exc tent DD, C.. whose va 
Wahi and as~ocistes in 19G2** observed that patients wit! 
a deficiency of vita: 
cer, The~e results are basal on studie~ of serum: vitamin A levels in normal, 
123 oral leukoplakie and 333 oral eare 
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ia A which was even greater in patients with oral can- 


me ' 
oral leakop 


Mia pationts at the Radium In-titute 
Of SN. Hospital, Ngea, Tudia. The vatues ancong the three groups were 100 + 25, 
12) + iMand 102 & PETC. vitamin A per 100 tal «rua, respectively, Althou 


these reult« do pot indicate a bruv Viton 
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in Na fewtey cor prove the pro: 
relationship, it ts of interest that patient DD. C., whe had the lowet control 
scrum level of vitaiin Nin our group, has bad four intraoral carcinomas aco 
ciated with his lukoplakias. 

In a preliminary evaluation of Waht's observations, fasting levels of scrum 
Vitamin A were determined on 17 Sau Francisco Medical Center paticnts with 
oral carcinou.a, 11 with oral Icukoplakia and 12 without evideace of oral dina 
(table 7). The ~onuin specimens were frozen and analyzed as two evenly divaled 
batches by the sane lhoratory, ublicing the activated glycerol dichlorohydna 
method. Although the stall number of paticnt~ does not pornit any defini- 
tive conclusions, the findings indirate no basis tu asuine a correlation in our 
subjects between low seria vitamin A levels and oral leukoplakia ur oral can 
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cer. The significance of subnermal vitamin A scrum: levels in each group is 
unknown, since the patients had adequate diets and wove displayed elnieal 
evidences of any vitamin deficiencies, However, it should he pointat out that 
the normal values quote! are taken from the literature and are not e-tablichad 
on a large normal series by this laboratory. Tt must alo be remembers? that 
circulating total vitamin A has an extcnely large normal minge and that values 
for individuals as weil as among pationts may ductuate a 
Furthermore, little is known about the relation-hip betwoen circulating sucuan 
A, tissue levels and biologically active forms* 740-488, 

Hume's classical study®* attempting to create vitamin A deficicney in hussan 
subjects pointed out the technical variabit 
tanua A determisations, Also, even after sign 
A levels in his subjects, lie found a lack of c 
ments were conducted on young mules di 
years. 
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Toxicity . 
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All six pation Jetcly di-anpeared within 
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previourly given excessive ar.ount eas 18 hack tovte naiatesta: 
tions. The appearance and magnitude of t 

with absolute or relative seni vitanin A levels. Pooitly they are mlited to 
unknown individual tissue specifi 2 critieal blood 
levels or exposure tine, It is of interest that patient D.C. who had pres toasty 
been subjected to high do-ages of vi over a pt riud of tuu year, never 
before had den-onstrated any tows sigus or syniptores Sorina vitai 


be steadily lowered to preesi-ting control 
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levels by nadacing the de-e or by 
dimontinuing the drug | 

In the 35 paticnts previously studied, the folowing ineideners of signs ard 
rymuptoms were recorded: Li with dry skin, pruritus or ra-h; 4 with angular 
cheilitis; 3 with constipation; 2 with mucositie, penorbital swelling tu 2 and 
> with headache, In the other studics on oral leukoplakia utilizing hich dosage 
of vitamin Aj# * % 4 yo well defined toxic manifestations were nyported. Even 
in Burgoon’s deratolozic study? in which 16 ad were oven 400,000 to 
1,000,000 units of vitamin A daily for one to eight months, pmantus was noted 
in cnly one patient. 
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Th a geriatric study by Pallotta and Krause," they administered 100,000 
units vilanin Nacetate to 1G patients aged G4 to 80 daily fer six months. Serum 
vitamin A increascl in all pationts acd meturnel to pre-witamin A levels within 
three mowihs after di-continuing toc vitamin, No toxic effects were eeported. 

Raa~chou-Nichen’? and Stinson ina aeview of the licrature and case re- 
Ports relate chignic imtovieations in nine adults fron: vitanan A intake muging 
from 100,000 to 00,000 units per day during periods varying fron: 2 to 102 
months. Signs and symptoms reported included Lone and joint pains, fatigue 
and insomnia, cheilitis, anorexia, weight los-, rash, pruritus, alopecia, bleeding 
and hepatomegaly. Ao recent report by Soler Bechara and Soscta® deserthes 
chronic hyjwrstiandnosis Aina B-yearold feaale who imgesiod approximately 
75,00U to 150,000 unit~ of vitamin A daily for cight years, with an increase during 
the Jast x nuths to 875,000 units pee day. Fiuding~ included fatigue, 
bo-s, bone and joint pain and tenderness, los. of hair, pruritus, dry skin, rash, 
hepatosplesciuiegaly, aacuia aud headaches. Hee uutial fasting scrum vitarin A 
was 874 my yer LOU nd. Seven weeks after discuntinuing vitamin A, her blood 
hevel way reduced to 527 mag per 100 ial) By this tisne, ooly complaints of alopecia 
and mininal leg pain were revorded. The hi amin A scrua levels afier seven 
weeks abstinence were probably due to slow liver release of stored vitamun At. 
But 7 is of interest to note that, as in two of cur patients previously studied, 


weight 


most toxic effects had disappearad even though an elevated scrum vitamin A 


level persisted. : 


Laver: Fexcties 
Since vitansin Ais chicly sturcd and meialolizad in the liver’? , one might 
expect excess dosages of Vitamin A to alter hver fuietion. This 
confirmed by the finding of BSP retention during vitaniin A administration. 
The altcration apjwared to be of a temporary wature. Liver function tests ia 
proved after discontinuation of vitamin Ay and in thiee patient. they returned to 
within norwal fi : 


ation as 


t ¢ ik 


$3) who had the highest 
cro. 


No jaundice or hepatamegaly was secu. In other case reports #8! hepa- 
t rs 1 + 


Tu the youngest paticr 


menu vilanda SA level, iver function was c--entu 


tomeyaly has heen reported ay a frequent oceucienee in chronic hypervitaminosis 
A. In the ca-e recently reported by Souler Pechars", the patient had hepato 
aplenonicgaly, elevated BSP retention, elevated athaline phosphatase, hypo 
prothroubinesiia and hyjsycotemeioia, A liver biopsy anal suum trai-amina-e 
levels were normal, Andermen and Seley iu 1958! deaon-tratal abuornal liver 
function hy the Ro~-Bengal test in ¢ 

Paloita and Kraus™ reported no changes in prothroibin or alkaline phos- 
Phatace after adiuinistering 100,000 units vitamin A acetate daily for «ix months 
to their 10 geruwtiie patients. 


Lt of nine pationts with curoteneniis 


Caveiuu Dynamics 
Vitansin A deficicncies in animals alter boi saturation and growth. In giving 
Res ar cunts of vitamin A to mats and guinea piss, Wolhach? demonstrated 
& accekceicd renvodciing of bone and the produciiwa of fractures, Leaver and 
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Triffitt® showed that hyporvitanine-is Ain rat weanhigs producad os. aficenth 

depresed serum eiteat. and extremely frrgde bones, Histologically, they howl 
that there were oumerou- osteoclasts in er ain areas, En an opposte type of 
study in vitamin A deficient mts, Frond-eu'? demonstrated that o-tee haere 
activity was suppres-cd of entirely aleont ax evidenced by he failure of renondt 

ing resorption of immature bone formel in the sockets heft by extiactal tecih 
and by the failure of reniodeling of the tibial hafis, Clark and siaith® have shewa 
that excessive amounts of vitamin A adiinistered to rats acechiate bone re- 
modeling as reflected by increased exeretion of ealenia and phosphorus. They 
found that in the-e animals the ash content of bone remained norual, bat there 
wax ao low of collagen and mucopelysaccharide a+ measured by hydroxyproline 
and hexosanune, Berdjis? has stated that excessive intake of vitanon A or 
parathyroid hormone in animals produce a simular demincrahizing action ou heoue 


In adult human subjerts, hypervitamino-is A has bern shown to iadere Lone 


and joint pain. Ti children, excessive vitamin Ammay canse pamnful hypcrostasis4 
” 


and inhibition of bone growth with premature closure of epiplys 


From the~ce observation-, it has bes as-uined that excessive 


vitamin A ie hunan adult subjects coukl uber bone uctabolissa amd 


wand plas; horus tal 


pathologic changes. The re-ults from tests of rah 


strontiinn kinetics and rocutgenographic fad dieate that larg 


vitaniin A for short periods of time do not ~ ntly affect bore dictabolinn 


~a--ociated with a low bone 


in adult«. The. raliogmphic evidence of ostevporo- 
deposition rate confirms our previous report? of deerea~cd bone deposition rate 
in patients with posimenopau-al or senile osteuporosis, 

Ascorpic ..cip 


kt has been shown in animals with experneental hypervitaiuinesis AO thos 
i an) 


scrum ascorbic acid levels were low aud that there were devica-ad an.ount> of 


ascorbic acid in the adrenals and Hver* 9. This effect has been dowunw ated 


in humans although it hay ban etal asa po-ible relatal factor in sine pabents 
with hypervitanino-is A who have demonstated skin rash and copillary lity, 
None of our pationts has demonstrated bleeding termlencies or patent tin 


ascorbic acid levels, which do not always reflect the state of vitanin C stone, 
did not -how a consistent or revealing interval change he four of the pationts se 
studicd 
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Several reports in the literature indicate an antagentem betwoor hich deeages 
of vitamin A and thyroid status, Lagan? demonstrated reduced TP uptake after 
daily ingestion of 50,000 units of vitamin \ for three or nore w euks; amd Ander- 
gon and Soley! showed that cight of nine patients with caroteneioia Thad stb- 
ponnal basal nictabolic rates. Sadhul: bs constrated in rats that excess vitamin 
A depressed BMR, reduced thyroid weig wore oud 
antagonizod cfoets of thyroxine adinini-station. Siler Pochara™ repurtal border 
line low I uptake, PBI and BMR values on thei: patient with Lyyansitagare: 
A. Since two uf our paticuts bad no change in BEE. tue had enly a 


dopres-cd thwrotnopie hes 
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and none had clink albevideroe of hypothy rou 
Our study indicates that the ant 


torinduceld by vitamin A thesapy, 
Honivna is nether probctable nor constant. Two 
paticnts from our previous series albo demonstiated nonnal BEL values while 
Oo Vitamin A, 60.000 units daily for sien week« Patient PL B. inal PF 
ain A 


uptake which showed no interval thaipe while on vit 
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Previous studics have demonstrated the autazonistic effects of large douges 
Of vilanin Non oral hyperkersto-es. To compare clinical, histologe and metabole 
efievis, aux adults with oral leukoplakia (hyperkeratosis) were studiad before 
and dur The subjects dissolved m tt 
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Tn addition and cP nical 
signs in our casc, vitamin-A intoxication 
can produce exopht inereased —in- 
tracranial pressure with chocked discs, loss 
of hair, enlarged spleen and fiver, kin rash 
with desquamation and cutancous pigimenta- 
tion. 
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The cross-action lens capsule forceps -has 
become the instrument of choice in its line. 
It requires only a light grasp by the operator 
during the delicate maneuver of delivering 
the lens, and the jaws of the instrument can 
easily be opened without shifting the posi- 
tion of the fingers. The same reasons 
prompted ine to design a cross-action needle 
holder. 

The cross-action needle holder has Le- 


* From the Department of Ophthalmolowy, Wads- 
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pany, Sau ous, Missouri. 
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The strength of the spring of the present 
instrument is delicately balanced to hold the 
necdle without rotation or sliding during 
corneal or scleral surgery. Yet it is not so 
strong that the needle cannot be released 
without undue effort. Figures 1 and 2 show 
its general design. It is slightly larger than 
the Paton and slightly smaller than 
troviejo needle holder, measuring 12! 
in length. Its design permits it to be held i 


mE me 


| 
{I t . 
hoblive the ronment whi 


venient in certain circumstances 


SS AR SERRE 8A RNR A RE RRR A PS SRNR 8 EA SNR eC A 9 RR son 


Clee] 
bisttee 
oH Meret 
tilttre, |) 
thas died 


CONVO 


mi awkward 4 


JOOL Gaytley ol 


RECESS 


DuPonr 
Kiwi. 
For the past s. 
recession forceps 
sign. Uhe forcep 
middle and tndesx 
for thumb action. 
form, have four 
facthitate the plac 
five projections t 
upper Jaw that fit 
openings in the wu 
thereby insuring 
tendon. An exy 
jaws and if one 
they may be locke 
of a knurled set 
is mn the unlock 
easily opened bs 
button. 
[ have found 
* From the Depar 
eal Colleve of Virg 
the Matalene Sure 
sttecessors to 1. 2B. 


I (Guerry) 


al atest hed iain Alt totale eee ahaha aoe 28.44 ee 


aa . “. 


ee) ' £@ pnessy Mepyeatse (1 Dicembee) 1906 n\ 


HYPERVITAMINOSE A 


Par *.G.1, JENNEKENS et C.W.M. van VEELEN 
(Muec).t) 


1a vitaming A administrde en fortes doscs est susce 


indications, eile est donnée au noursisson en prcvention du 
chez fadolescent et chez Taiiuite pour le traitement d'un 


plible de provoquer des phénoménes df intoxication, Entre diverses 
ne carcuce ct utilisce en grandes quantités, depuis quinze ang environ, 
cerloin nombre d'affections dermatologiques caractérivees par une 


hyperkévatose, Des raisons dordre purcment ¢linique sont a Tonsine de cet usaze. La carence de la uilamine A entrainant, entre 
autres symplimes, une hyperhératose de la peau, on @ supposd quiun crces de utemine A serait susceplible de freiner la keratini- 
sation. A part quelyucs remarques critiques, on trouce aussi dans la {ticrature des communications résultant de recherches expe. 


rimentales (1) ct de données cliques (2) venunt ctayer cette 
vitamine A provoquait une récidive de Caffection cutan‘e. La 
en forte doses ct sans conirile médical guffisant. Deputs que le 


supposition. Mais tl @ fallu constater que Tarrct du traitement & la 
vvie s'est done ouverte d fadministration prolonade de ta c:/amine 
phenomene intoxication d la vitamine A est micux connu, i! sem- 


ble, st Con en croit les communications des denmatolopues, qua dey sym xomes plus ou moins groves d'intorication surceennent 
. i ’ : ’ uli gin] 34 & 

beaucoup plus souvent qu'on ne le supposait. Lioplnion n'est pag encore fice sur la question de savoir d partie do quella dose 

do tcls symptomes sont a prévoir, On a meme protendu que les faitements d la ciumine A étaient dang leur ensemble non 


fustifids. 


Nous reviendrons sur cette question & la suite de Yobservation 
de 2 malades souflrant d'une intoxication due 4 cette vitamine, 


INTOXICATION AIGUE 


A Vexemple de Rothman et de Knudson (3), on a coutume de 

Alstinguer, chez l'enfant et chez l'adulte, l'intoxication aiguée de 
* Motoxication chronique. : 

Liintoxication aicué offre une image relativement simple. Elle 
a été décrite chez des explorateurs polaires qui avaient absorbé 
du foie d’aurs blane, Iequel contient, comme on sait, des réserves 
do millions d'unités de vitamine A. Ces explorateurs sou!fraient 
do maux de téte, de nausces ct do vomissements, conscquence 
d'une hypertension intracrdnienne ainsi que d'une desquamation 
de ln peau. Ces symptdmes disparurent aprés quelques fours (4). 

Marie et ses collaborateurs (5) ont décrit des cas d'intoxication 
aigué cause chez des enfants de moins d'un en par des doses de 
300 000 U.1. Ces enfants présentaicnt une fontanelle tendus et 
bombée en raison de Vhypertension intracrinienne et se mon: 
Unient parfois irritables et grognons. Le liquide céphalo-rachidien 
toit toujours de consposijion normale. La tension intracrinicane 
retrouvait sa valeur aprés quarante-huit heures environ. 


INTOXICATION CHRONIQUE 


Beaucoup plus compliquée est intoxication chroniquo surve- 
Oant apres un traitement A long terme de vitamine A. 


Nous .avons pu en observer un excmple caractéris, ue chez une 
malade hospitalise en Novembre 1963, Si" A., Azfe o> 21 ans, pre- 
nait, {nitlalement sur lavis d'un dermatulogue, 200 000 U.1, de vita. 
mine A en solution aquetse par jour pour une acne vulyaire, Elle avait 
commencé ce traitement en 1962, Durant une année ct demi, elie 

tun usage frrépalioe du médicament, Elle Conunencait alors A te 
Dlaindre de nervovité, de troubles de Ia concentration et de chute 
de cheveus. Par la suite, clle prit le medicament quotidicnnement. 
Apres deux ans, irs régics devineent irrceuli¢res, Aprés deus ans et 
demi survint un prucit. La malade soullrait de temps en teinps A cette 
Epoque Wune doulcur dorsale avez violente dans la résion thoraco- 
lombale. Apris trois ans environ dcbutérent des eéphalées, des trou- 
bles du sommell, ces mictions In'quentes, des saignements de neg et 
une diplople pour Ir traitement de laquelle la malade enters dans notre 
service. 

A l'eramen, on trouve une peau et des ldvres séches et squameuses 
et des thacades aus coins de ta honche, Un érytheme accomparné de 
démangralsons ext localicé A ta Partic supcrieuce des bras, aux coudes 
et aus genous. Ni le foie ni Ja rate no sont augmentés de volume, 


Lan demandes da tin's 4 part dhent fire edrowses aw De Jamscanns, 
MApitel waicerstteire, Nirelens Beetsstrast 24, Utrechs (Peye- Bas). 


Nt ost diflicila de répartir tous les cas d'intoxicction @ 
Ia vilatnine A entre los formes chroniques et les formes 
aigucs, L'une dos doux malades présenices Ici a@ soullen 
use hypertension Intracranienne, sans aulres alfections, 
Gpres un bre! usage de fortes doses de vitamines A. 

On ovitera le risque de phénoménes d'intoxications, du 
moins chez adolescent et chez Fadulle, en ne dépossant 
Pas uns dose do $00 000 U.I. par jour en solution @queuse 
et pendeat deux mols au maximum. Pour un dosage plus 
élové ou de plus iongue durce, un contréle médical requ- 
lier est nécossairo. 


| Seen NRE 


Aucun ganglion !ymphatique anormal n'est palpable. Il y a parésie du 
droit externe a gauche. Le fond d'cil montre une stase papillaire bla 
térale. Les radiographies du  squelette nindiquent pas d'anoma'ies, 
WE. E.G. est lerégulios, légerement et dilfuscment anonmal, La vitesse 
de sedimentation atteint 25 main pour fa premicre heure, Les phosphu- 
tases alculines sériques sunt légcrement augmentces ; 162 a mo!/minfl 
{pour une valeur nonnale jusqu’d 135, d’apres la mcthode de Bessy). 
La ponctiun suboceipitale eflectucy quelques semaines aprés le pre- 
inler examen fount un hquide céphalu-rachidien clair sous une pres- 
sion de 13 cin d'eau. La composition du liquide est normale, 

Le traitement & Ja vitamine A est sutpendu le 24 Novembre, Que!- 
Ques semaines plus tard, la plupart des troulstes ont disparu, Aprcs us 
owis, le taux de vitamine A dans le scrum est enowe de 
700 U. 1./100 em* (pour une valeur normale de $0 a 150 U.1./109 em?, 
d'aprés la méthode de Carr et Price). Apres trois mois et demi, la tencur 
én vitumnoe A est tomlxic 4 235 U.1./190 cm?. La vitesse de scdimen- 
tation et les phosphatases alcalines sériques sont alors normaies. 


L’anamnése et I'évolution de cette affection sont caractéris- 
tiques de lintoxication chronique A la vitamine A telle qu'on la 
Wrouve décrite dans Ja itérature. Un survol de sa symptomato- 
logie témoigne encore dv Gue.tes varictés elle fait preuve. 


Peau et muquouses ¢ Lintoaication s'y déclare en premier 
lieu. Les symptdines sont d'autant plus significatifs que lintovica- 
tion cst plus grave. Ces syinptdmes sont les suivants : lévres 
stches avee hyperkératuse en taches rondes et fissures, rhacades 
aux curnmissures des livres, peau séche et squameuse, chute de 
cheveux, éruptions maculopapillazes, pigmentations en chloasma 
et ginuivite. 


Symptémes généraux + Apathie, troubles de la concentration, 
irritabilté, anorexie, perte de poids, troubles de la menstruation. 


Squeletie + Douleurs ovseuses et articulaires spontantes, pas. 
fois violentes, doulcurs A la pression de Ja colanne vertébrale et 
des eatrémités. L’examen radiologijuc ne révéle a’ snomalies nue 


eS ee ie 


LA PRESSE MEDICALE, 31 


Décembre 1966 74 = N* 8 


E330 


chez l'enfant. Sculs Cerber et ses collaborateurs ont décrit une 
adulte préseutaut de telles anomalies. Les clichés montraient chez 
elle des dépéts calcifics dans les tructures peneapsuluires, dany 
les tendons et dans les ligaments, une hyperostose A partir du 
Périoste et des signes de dicalcification, 


Bystéme réticuloendothétia! + augmentation de volume du 
foie, parfois de la rate et des gangiions lyimphatiques, tendauce 
accrue au saiynement pour des temps de saignement, de coagu- 
lation et de prothrombine normaux, ‘ 


Symptémes nourologiques : hypertension intracrinienne, pro- 
bableinent par suite d'une production accrue de liquide eéphalo- 
rachidien (6), provoquant des maux de téte, des nausées et des 
voinissements, de la diplupie, une impression de vision Moue et 
une stase papillaire. La composition du liquide céphalo-rachidien 
reste toujours normale, 


Cortains autros troubles n‘apparaissent pas aussi réculitre- 
ment, mais n’en sont pas invins les conséquences indéniables de 
Vuypervitaminose A: exophitalimie, polydipsie, polyurie, inconti- 
nence ou parfois rétention des urines. 


Signalons dans les résultats des examens de laboratolre une 
vitesse de sédimentation souvent accélérée, Laugmentation des 
phosphatases alcalines scriques et un trouble du test de rétention 
Ala BSP n’apparaissent que rarement. Le tau sanguin, de vita- 
mine A est toujours augmenté, La réaction a la suppression du 
inédicament. est curieuse Je taux de fa vitamino 
commence par bainser rapidement pour rester ensuite legerement 
surclevé durant des semaines ou des mois, 


Siutapearnae 


La disparition rapide dos troubles subjectifs et d= la plupart 
des troubles objectify apres la suppression du medicament est 
également trés caractéristique, La gucrison est complete, et pour 
autant qu'on Je sache, il n'y a jamais eu de cas morte), 


‘L'image de intoxication chronique ches Ienfant diffire en 
certains puints de celle que l'on rencontre chez Vadolescent et 
chez Vadulte. Cette dilférence tient surtout au fait que les sque- 
lettes en croissance est beaucoup plus sensible a Mhypervitumi- 
nose A, . 
Les lesions sont en général bien visibles A la radiographic : 
hyperostuse & partir du périuste, principalement au niveau de la 
diaphyse des os longs. f.cs anomalies se localisent au tibia, au 
péroné, A la clavicule et aux metatarces, Les parties molles cnvi- 


ronnantes présentent souvent une enflure douluureuse. Il est pro- ; 


bablo que Vhyperostose se développe au niveau de la in¢laphyse 
et non do la diaphyse seulement avant Kigve de 6 yiwis. Les oe 
longs s‘tpaissisent alors en forme de pavode (7), principalement 
& Ja hanteur des chevilles et des poignets. Une hyperestose du 
erdne n'a CS décrite que rarenent et seulement sur Yor occipital 
et sur Vos temporal (8). Une decalcification du crine ext par 
contre beaucoup plus souvent signal’e. Chez le nourrisson, cette 
décalcification peut etre A Vorisine “un craniotabes, Les phos. 
phatases alcalines sant parfois trop Cevées, probablement a Ja 
suite do Vaffection osseuse. Apris larrct da traitenseut a la vitae 
mine, Thyperovose disparait complttement chez Yaculte, alors 
qu'elle peut Jaisser des lesions Permancutes chee Yenfant. Pease 
a décrit en effet les cas de quelques enfants avec une ananmése 
dintoxication A la vitamine A. Ms presentaient des troubles de la 
croissance des grands us lonys A la suite d'une suudure prématu- 
rée des disques Cpiphysaires. Ce sont 1) les seules conununica- 
tions faites 3 ce sujet jusgu’d présent. 


Formes intermédiairos entre [intoxication aigué et lintoxica- 
Hen chronique. 

Tous Jes cas d'intoxteation ne peuvent dtre répartis entre Ja 
forme aigué et la forme chronique. Liexemple nous en est fournt 


par le cas de notre deusicine malade. 


MI™ 1, Agée de 19 ans, éteit cn Parfaite santé jusqu’en Septem. 
bee 1965, hormis une wos vulgaire pew grave, Un Jernatologue Jui 
Pretcuvit pour le temtonent de cette affection 300000 U. I. Par jour 
de vilamine A en sulution anqueuse, La malade commence le traitement 


fe 24 Septem!ize 1965. Trois semaines plus tard spparurent des mauz 
de tite, semsibles surtout fe matia et disparaissant au cours de la jour- 
née, Les mphalées augmenterent ensuite pour deveuls. aprds six 
semalnes, sl vieleutes qu’elics Saccumpaynaicut de nausces et Parfus 
de vomissements, Apecs sept semaines, Ja malade est huspitalisce 
dans notre service et gark'e au repos complet. Les maus de tite duni- 
nuent alors sensibicment, La malade continue entre-temps A prendre 
82 duse fournalicre de vitamine A. Quand nous lexaminuns apres burt 
semaines, elle ne souflre plus que d'une impression de viown Houe. 
A Vexamen, nous trouvons une ligcre auiweune, Le fond dui! tere le 
ua anéme papillaire bilatwa! de 4 dioptics et quelyues heémorragies 
Péripapillaires, A part une acne vulgare ct une kycre adipoté, mous 
ne trouvuns aucune autre affection, Le liquide céphalu-rachuin 
reeuci!li: par punction suboceipitale indijue une pression de 30 em 
d'cau; if est de compusitiva normale, La vilese de sddunentation, 
quelhyue pou aceclérce, otteint 25 mm duraut la premicre heure. Un 
jour apres Varndt du midiwament, le taux de vilanuse A dans le sung 
est de 200 ULE /em?, iS 

Trois fours apres Yarrét du médicament, la vision a retrouvé son 
état normal, Aprés une semaine, Fadkine papillaire a seniblement 
diminus. Aprés un mols envirun, a teusion tntracedgicune est nore 
male et Medeme papilaire a presque dopora. 


Germenraad a fait remarquer que Ja valeur du taux de vita- 
mine A dans le sérum peut baisser sensblesnent aprés quelques 
jours de conservation du sang (10), Or, le sang de la malade n’a 
46 examined que trois jours apres le prelevement, On semarquera 
en consultant le tableau I Vabsence de la forte chute instiale du 


‘taux sanguin. Hest probable que ce taux était, directenent apres 


Ja suppression de la vitamine, supcricur aux 200 ULL. Jonnces 
par la premitre analyse. 
Liimage que présente cette malade est différente de celle 


. que Tun rencontre ordinairement en cas B'intoxication chronique. 


‘Yous les troubles proviennent d'une seule affection : Why pertension 
intracrinienne, Hy a contraste net avee la varicté des symptomes 
de intoxication chropique, La courte pause sparani & début Je 


‘Tadministration de la vitamine et le premier syinptOme dlyper- 


tension intracranienne est frappante. L'observation de cette 
malade rappelle les cas intoxication aigue tels que Marie et See 
les ont décrits chee de jeuncs enfants, Une réaction indubitable 
a une breve administration de vitamine A caractérisce par la seule 
hypertension intracrdnienne n'était jusqu’S maintenant pas connue 
chez Yadulte, Laplane et ses collaborateurs ont décrit le cas 
Mun jeane homme de 16 ans qui, aprés avoir pris deur fois 
50 000 U.J, de vitamine A A une semaine dintervalle, présenta 
des signes Uhypertension intracrinicune accompagnés de convul- 
sions et de symptémes tétaniques (11). I nous semble iinpro- 
Hable cependant que fa vitamine A soit ici le seu! facteur initial, 
tat dooné surtout la valeur Gevée du taux d'albuinine dans le 
liquide céphalo-rachidien, 


TASLEAU |. — Quantliés de vitom'ne A per 100 cm? do sérum 
@xprimoes on Unilés internationales. 


18 Rovemlee 1965 
30 Novemlwe 10u% 
14 Diaemtwe JUGS 
26 Dseintee 1005 
30 Diemie lus 
26 Juemvicr 1966 


. par 100 cme 

pet 100 sand 
- pet 100 cme 
+ pet 100 cmd 
+ pat 100 oma 
+ pas 100 cma 


orem, 
rem 

run. 
trum, 
edna. 
“ium, 


Marie et See ont été frappés par le fait qu'une partie des 
enfants exainin’s ne semblaicnt pas souffrir de leur fontanelle 
bombée et de leur hypertension intiacrinienne, Notre deusictme 
malade a présenté évalement une hypertension intracrinienne 
durant plusivurs semaines en ne souffrant que d'une impression de 
vision floue, 

Chez la malade d’Oliver, qui montrait une stase papillaire 
caractérisce, Vimportante hypertension crdnicnne n’avait Provo 
qué qu'uny brritabilité accrue (20). 

Si la hausse de Ja tension intracrAnienne est suxeptible de 
rester aussi silencieuse, on peut se demander si elle re survient 
pas plus souvent qu'on no le croyait. Cette question est par- 
ticuli¢rement importante du moment que chez notre malade, 
hypertension intracranienne a C16 provoquée par une dose peu 
¢levéo de l'avis des dermatalugues. Cette dose était en tous les 
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cas plus faible que les doses responsables des intoxications alguts | 
ou des Intoxications survenant apris un bref usage do Ia vitamine 
Aécrites jusqu's ce jour, Nous reviendrons encore sur co point 
au cours do's discussion, = 


DISCUSSION 


Quelle est ia quantité de vitemine A susceptibio d’étre don- 
, nbe sons risquer de Provoquer des phénoménos d’ininxcations ? 


Persson, Tunel! ct d'autres (7) ont décrit les cas d'enfaats 
no dépassant pas 6 mois et chez lesquels do graves symptéies 
dintoxication s'étaient déclarés apres une administration de vitu- 
mino A A raison de 18 000 U, I. par jour en sulution aquease, A 
la suite de ces oliservations, Tunel!l et ses collaborateurs (12) 
caamincrent un groupe de 60 nourrissont auxquels ils avaicut 
administré pendant un certain temps 7500 U. I. par jour en solu- 
tion aqueuse. Chez un certain nombre de ces enfants, I'examen 
du sang révéla des taux de vilamine A sensiblement trop Cevcs. 
Les auteurs en conclucrent qu'il ne faut pas prescrire A des 
enfants do moins d'une année plus de 2500 U.I. par jour en 
solution aqueuse. Cette dose n’en cet Pas moins supcricure de 
1000 U. I. A celle que Je National Hescurch Council des Etats 
Unis estine suffisante pour prévenir d'éventuclles dcficiences, 


Pour exsayer de répondre 4 la question de Ja dose utlisablo 
chez adolescent et chez Vadulte, rippelons que da vitamine ne 
leur est pas prescrite a titre prophylactique, mais en tant que tral- 
tewent d'une affection. Les dosages, meme relatifs, seront doue 
heaucoup plus Glevés, Les quantités preserites par four varient de 


700 000 4 G00 00C U. 1. pour un besvin de 2500 4 5000 ULI. 


Selon des publications dermatologiques comme celles de Frey 
et Schoch (13), l'sugmentatiun de Ja dose pour obtenir one action 
thérapeutique plus pronancée entraine Presque toujoers des phe- 
Nomines dintorteation: Joes publications de co genre traitent 
genéralement de Vaction de la Vilamine sur diverses atlections 
cutanées, Elles mentionnent les phénoménes d'intoxication, mais 
de fagon peu détaillée, insistant plutot sur les complications tou- 
chant la pean et les muqueuses, C’est pourquoi, en rassemblant 
les données déterminant le rapport entre le dosage, la durée de 
Yadministration et l'apparition .des Preinicrs symptomes, nous 
n‘avons utilisé eue des cas fapportés d'intosication 4 la vitamine A 
(tableau I!), On constate a examen de ce tableau que Jes dases 
no sont pas supéricures aux doses courantes des traitements der- 
matologiques. Quelques malades ont méme Présenté des syinp- 
téimes graves d'intoxication pour une quantité relativement res- 
treinte de vitamine, soit 40 000 4 50 000 U. 1. Par jour. La nature 


de la préparation pharmaceutique de fa vitamine est hélas sou- 
vent omise dans ces diverses publications. I! est done difficile de 
répondro sans plus & la question posée au début de la discussion, 


Doux facteurs Pouvont coniribuer & son éclalrcissement 3 


1. Si la quantité de vitamine A cdminisirée est égale ou & 
pelne supérieure au desoin, ta r4sorption au niveau du lumen 
intestinal est 4 peu pris complite (30). Si cette quantité dépasse 
de beaucoup le besoin, seule une partie en est résorbée. Le pour- 
centage de la partie résorbée varie toutefois sensibcinent suivant 
les individus. Des troubles de la résorption des graisses peuvent 
@iro un facteur défavorable 3 Yassimilation de la vitamine A. 
La sésorption depend aussi en grande mesure du inode d‘adminis- 
tration, Sous forme de comprimé, la vitamine est moins bien assi- 
invce quien solution huileuse, Lewis et ses collaborateurs ont 
montré en 1947 déji que, pour unc quantité dinace de solution 
aqucuse, on pouvait obtenir un taux sanguin de vitamine A de 
trois A cing fois suptricur au taux obtenu pour une quantite iden- 
tique de solution huileuse, la perte par les selles étant proportion- 
uvellement plus restreinte (31). Une forte dose de vitamine mal 
résorbée piovoquera done moins rapidement des phénomines 
diintoaication qu'une duse plus faible mais bicn résorbéce, 

Revenant & la dose utlisce par notre deusié¢me malade. nous 
Pouvons dire que 300000 UJ. par jour n'est pas, du point de 
vue dermatulugique, une quantité Particucérement élevde. Mais 
elle le devicut si nous considcrons qu'il s‘agit d'une solution 
aqucuso, : 


2. Il est probable que la durée de la médication joue égale- 
ment un solo important. La walade décrite par Berger et Roels 
Maurat certainement pas presente de signes dinte.tcation si la 
dose quotidicone nssez restreinte de 400000 ULI. n’avait pas 
été prise durant de nombreuses - ynces (29). Par contre, de tres 
fortes doves adiinisteées sous f d'une solution bien assimni- 
jaule sual en mesure de proven. ty quelanes jours day) ley 
symplomes de l'intoxication dite en: rique. L'expérience de Hill. 
man en est un bel exemple (32). 

Nous devons done respecter une Grande marge de sécurité 
dans Ja determination d'une dose nentrainant pas de risques 
d'intoxication.. Oliver n’agit pas autrement en conscillant de 
Prescrire une dose de 50 000 U. I. Par jour au maximum et pen- 
dant uno période ne dépassant pas deux mois. Mais les dosages 
dermatologiques courants sont bien supcricurs A cette quantité, 
S'en tenir a la proposition d’Oliver revient 4 limiter l'usage de 
la vitamine A & fa lutte contro les carences ou & leur prophylaxie, 

On a tenté de résoudre cette question de Ja dose de sécurité 
en cherchant un rapport entre le taux sanguin de vitamine A et 

e 


TABLEAU Il. — Quelques données provenant de cas dlatesicction & la vitamine A ches Vadolescent et ches ladulie, 
tele qu'Us scat rapporiés Jusqu’é ce jour. Les cas sont classés d'apres l'impostaace des doses. 


ace vorue 
en scxe 
; tratioa 


Suleberger (14) ......... Capsules, 600 000 
Center (15) . + , 500 000 
Raarchou-Niehem (16) .., Arovit. 30 Goo 
Smith (17) Gouttes, 5390 OVO 

. Suv bOU 
Shaw (14) 


Capsules, . 200 vO 
Oliver (20) .. eee 200 Quo 


Creek (21) ., Aqua sel. A, 2u0 vu 
Creek (21) 200 OVO 
Morvice (22) . i 200 000 
Marrke (22) ... Sais ‘ 200 G00 
Turte (29) 0... . 200 WOO 
F.llsot (24) steee B 100 000 


150 0vO 
150 000 
Solen-Bechare (23) ... Com primés, 


373 000 


Cavek (21) .. 
Winse-Smit (1A) 
Dituke (26) 
Simson (27) 
Mormke (22) 
Bloch (28) , 


Agua sol, A, 150 Gou 
150 000 

‘ 160 vOO 

100 0v0 

60 100 

£0 000 

40 000 
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Jes sympthmes d'intoxication, Mais Texpérience montre que les 
phénoménes d'intoxication peuvent dtre miniines ou absents pour 
un trux sanguin élevé ot inversement survenir pour un taux 
sanguin relativernent bas (33). La malade de Stimson, qui pré- 
sentait pourtaot image indubitable d'une intoxication chronique 
A la vitamine A, avait un taux sanguin de 250 ULL. Le sujet 
examing par Ilillman au cours de son expéricnce présentait des 
syinptimes caractcristiques avant que le taux sanguin n’ait atteint 
$00 U.1. La httdérature pédiatrique rapporte également des olser- 
vations de ce genre, 


Liabsence d'une cordlation diiecte entre le taux sanguin st 
Matovication peut sans doute tre expliquée en partie par te 
fait que la substance active n'est probotitenent pas la vitamine A 
elle-méme, mais un de ces métabolites, Cetto affirmation est 
appuyée par lobservation suivante : sf l'on danne A un groupe de 
rats une nourriture déficiente en vitamine A, les symptimes de 
carenco n’apy.aralssent pas encore au moment ou, blac! imique- 
inent, la vitumnine a disparu de lorganisme, mais surviennent apres 
un Important laps de temps. Ou suppose qu'ils ne se céclarent 
qu’au moment of Ie métabolite actif a été enticrement utilisé 


(34, 35), 
CONCLUSIONS 


Voiet les quelques conclusions que nous voulons tirer de ce 
qul préckde ; 


1* La transition entre l'intoxication algué et I'inioxicatlon 
chronique se falt de maniére continue. Les symptimes des 
formes transitoires dépendent du dosage et de la résorption. Cer- 
talns malades ne présentent, apres un usage de courte durce 
de Ja vitumine, qu'une hausse de Ia tension intracrinienne. 


2° n'y a pos de difforencos essontielies entro lea formes de 
Nintoxication chez !’adulle et chor l'enfant, horimis léventuahte 
do troubles localisés de la crofssance, consCquence d'une jonction 
prématurce des disques épiphysaires 


8° D n'y a pas de rapport direct entre Ia va'our du taux 
sanguin de vilamine A et l'image c'inique de Mintoxication. Mis 
en cas diintoxication, le taux sanguin est toujours supcricur A la 
valeur normale. 


4° On pout certainement provole de graves sympiémes 
intoxication aprés l'administration des doses nécessalies & une 
ection positive sur dos afloctions dormatologiques caractérisces 
par uno hyporkuratoso, La proportion d'Oliver cons «tznt A ne 
pas dépasser chez Jadulte une dose de 50000 Y.1. par jour 
durant deux mois revient en fait \ remonter au mode de traite- 
ment par la vitaniine A, en usage jusqu’d aujourd hui, des affee- 
tions dermatolugiques caractérisces par une hyperkcratose. Cette 
remarque est é.!' ment valable pour l'administration de solu- 
tions aqucuses. 


A notro avis, des doses plus élevées ne sont pas strictement 
contre-indliquécs, compte tenu du earactére reversible des comrli- 
cations éventuclles. Mais un contsdle médical régulier est désirable 
et lo malade doit étre averti de l'apparition possible de symptémes 
d'intoxication, 


SUMMARY 
Hypervitaminosis A, 


by F.G.i. Jenucke.a and C.W.M. can Veelen (Utiecht), 


It ts difficult to distribute al! the cases of vitamin A intoxica- 
ton Intween the chronic and acute clinter” forme One of the 
two patients objrct of the present work offe cd from an intracranial 
hypertension In. the alyence of any other sign, Consculively to a 
short use of hich duses of vitanin A, 

The risk of intorication phenomena will be avolded, at least for 
what couems the adolowent: aud adu't: patients, by not excending 
a daly Sose of 500000 7.UL iy aqueous solution ducing a masimal 
period of two months, In the case of higher dosage oe longer treat 
ment, it is necessary to asulnait the paticnt: to regular med:cul 
check-up. 


[la Presse Midicoale, 31 Décembre 1960, 74, n® 56, p, 2925-2925.) 
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CHRONIC HYPERVITAMINOS!IS A-—DI BENEDETTO 


Chronic Hypervitaminosis A 
in an Adult 


Robert J. Di Benedetta, AID 


Fatigue, musculoskeletal symptoms, skin changes, 

" anorexia, weight loss, and hepatomegaly are the major 
manifestations of chronic hypervitaminosis A. Withdrawal 
of vitamin A results in complete recovery. This case 1s” 


‘added to the 11 cthers previously documented in an at- 


Pictish ep a acer n p Snn 
tempt to stress the importance of earlier diagnosis and 
increased awareness. 
——- Fanaa 


HYPERVITAMINOSIS A has a characteristic pic- 
ture. Despite this, apparently only 11 cases have 
been reported in adults.'*' In view of the easy 
access of vitamin preparations and the often injudi- 
cious use of these drugs by the public, emphasis is 
placed on the importance of earlier diagnosis and 
increased clinical awareness of hypervitaminosis A. 


Report of a Case 


A 5l-year-old white housewife entered the Psychiatric 
Division of St. Vincent's Hospital on Moy 13, 1966, com- 
plaining of severo depression. In 1961, she had been hos- 
Pitalized at this institution with @ diaynosis of chronic 
undifferentiated schizophrenia. Since that time, the pa- 
tient had had repeafid hospitalizations for psychiatric 
difficulties, 

In 1945, the patient had maxillary sinusitis. Shortly 

thereafier. she started taking multivitamins and individual 
doscs of vitamin A for this condition, Vitamin A ingestion 
was sporadic until 1960. At this time, she began to Ingest 
daily cuantities of this vitamin and eventually progressed 
to a total dose of 600,000 units/day over the three years, 
Preceding admission. 
“Tr July 1965, she noted the onset of fatigue, diffuse 
mvalgias, and intermittent severe pain in her knees, hips, 
and shoulders. These aymptoms were followed by pain in 
her Irgs on walking. Several months later, weakness and 
generalized loss of body and scalp hair developed. The 
patient had had bilateral varicositics of the lower extremi- 
ties with mild ankle edema for many years, However, she 
noted a marked increase in this edema which did not re- 
spond to her usual therapeutic measures. In February 
1966, a@ generalized pruritic, dry, soaly eruption of the, 
skin developed. She was seen at another hospital and 
placed on a regimen of cutanecovs corticosteroid therapy 
with good results. However, con!.aueus administration of 
this mcication was necessary to nrevent recurrence. One 
month later, loss of her eyebrows and the sevelopment of 
brittle nails ensucd. 

Physical examination revealed a weli-developed, thin, 

. white women in no acute distress. The vital signs were 
within normal limits. She was markedly depreswea but 
alert and oriented. The skin was coarse with prominent 
hair fellicles and had a yellowish hue, Examination of 
the head revealed sparse, coarse hair, particwarly over 
the frontotemporal ateas. A generalized loss of body hair 
was present, Marked thinning of the eyebrows and eye- 
Sashes was apparent (Vigure). Fundoscopic examination 
disclosed a right amblyopia which had been present since 
childhood. A firm, smooth, nontender liver was palpable 
6 cm below tho right costal margin. The ker was not 


From the Department of Medicine, St. Vincent's iuspital and 
Medical Center, New York. Dr, Di Benedetto is how at the US 
Nava! Hospital, Heaufort, SC. 

Keprint requeate io US Naval Hospital, Beaufort, SC 29902 (Dr. 
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Sparse coarse hair over frontciom poral area and the 
ning of eyebrows and eyelashes. 


palpable, Moderuie pressure over both tibias, the should: 
and ankles elicited pain. Bilateral varicosities ant 3, ¢ 
ankle edema were present over the lower extremiten 


Results of the remainder of tho examination were no : 


tive. 

The hematocrit reading was 41%. The white blood 
count and differential were norms! The erythrocyte sev. 
mentation rato was 34 mm/hr (Wintrobe). Results « ° 


urinalysis and fasting blood sugar, serum electrolyte, biee : 


urea nitrogen, and uric acid levels were normal. A kts 
fixation preparation was negative. Cephalin floceula'cs « 
serum bilirubin, scrum glutamic oxaloacetic and pynst ; 
transuminases, and lactic acid dehydrogenase valucs er 
normal. The alkaline phosphatase level was 5.2 Bodanis 
units/£00 ml. Serum calcium and phosphorous levels sr 
normal. The protein-bound iodine level was 5.72/10 & 


Serum cheleatero! valuc was 177 mg/100 ml. The tec : 


scrum protcin Ievel was 6.5 gm/100 mi, with an albur> 
Jevel of 3.5 gm/!00 m!. Twenty-four hour urinary exn 
tion of -follicle-stimulating hormone, 17-hydroxyoorm 


steroids, and 17-keto.teroids was normal Scrum axed ‘ 


acid value was 0.3 mg/100 mi. ! 

Fasting scrum vitamin A level on the 19th hospital ¢ ; 
was 440;6/100 ml (normal 30ug-F0ue/100 mi), and t- . 
serum carotene level was 95y¢/100 m) (normal 19,¢2' . 
x£/100 ml). Scrum vitamin A level 20 days later o> 
2204/1000 ml. The alkaline phosphatase and ascorbic x 
valucs atothis time were 4.8 Bodansky wnit:/100 ml 2 - 
0.15 mg/100 ml, respectively. } 

Rocntgenograms of the chest and bones were i - 
marhable. An electrocardiogram and an clectroencep)2” | 
gram tevcaled no abnormalities. 

The patient was placed on a regular house dict (50! ; 
units of vitamin A per day) with no vitainin supplemesy + 
tion. During the first week of hospitalization, the fatsy « 
myalgias, and pains in her extremities diminished mane 
ly, Her skin gradually returned to ita normal coior x . 
texture. Six weel.s after admission, the liver was no lors! 
palpablo, and the ankle edema had decreased. Short; 
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CHRONIC HYPERVITAMINOSIS A~D! BENEDETTO 


thereafter, early hair growth was noted over her scalp 
and eyebrows. Her depression gradually improved, and 
she was discharged nine weeks after admission. 


Comment 


Two forms of vitamin A_ intoxication have been 
desered by Knudson and Rothman." The acute 
type_is due to the ingestion of o single large dose” 
‘and is self-limited with a spontancous recovery. 
This particular form was known to polar explorers 
as long ago as 1857, Tney noted nausea, vomiting, 
headaches, and vertigo after eating polar bear liver’? 
The chronic form results from the daily ingestion of 
moderately toxic quantitics over a considerable 
period of time. All reported cases of adults with 
hypervitaminosis A have been of the chronic vari- 
ety." 

The manifestations of chronic hypervitaminosis 
A begin insidiously. Although the onset is vari« 
able, excessive vitamin intake must dersist for at. 
least 8 to 12 months.'* Stimson feels that a mini- 
mum ingestion of 50,000 units of vitamin A per day. 
or_18 months.is-required’. Wowever, Shaw and 


Nicolli described an individual with findings after 


six weeks. It is apparent that the ingestion of 
jarger doses will result_in carlier manifestations of - 
the disease. This patient took 600,000 units per. 
day for at leist_two years prior to thé onset of 
symptoms. Hillman induced symptoms of intoxi- 
cation on two occasions, using doses of 1 million 
units.of vitainin A daily _for 14 and 25 days."! 

Review of all previously reported cases in adults 
reveals that fatigue, myalgias, anorexia, and weight 
loss are the most common nonspecific symptoms of 
this disorder. Te aren 

Arthralgias and bone tenderness are common. In 
children, these symptoms are always accompanied 
by bony changes. Periosteal swelling, hyperostoses, 
and premature closure of the epiphyses may oc- 
cur.""'? Calcification with or without true bone fore 
mation in the pericapsular, ligamentous, and ten- 
dinous tissues of the joints has been described. 
Although in al! previously reported cases in adults, 
the patients have had arthralgias, changes have 
been noied roentgenographically in only one in- 
stance." Increased urinary excretion of calcium with 
normal serum phosphorous and calcium levels has 
been described.* 

Among the cutaneous manifestations of hyper- 
vitaminosis A are coarse hair, pruritus, dry skin, 
alopecia, seborrhea, and loss of body hair and eye- 
brows. This patient evidenced many of these mani- 
festations. Severe gingivitis secondary to excessive 
intake of vitamin A has also beea noted in adults." 

Neurological symptoms include headache, diplo- 
pia, nystagmus, and convergent strabismus. Signs 
of central nervous system derangements are much 
more common in children. Acute hydrocephalus and 
Papilledema have been noted.':? ‘These manifesta 
lions have been attributed to the presence of in- 
freased intracranial pressure.'? my 

Hepatosplenomegaly and lymph node enlarge- 
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ment have frequently been encountered in adult 
patients.'* Several inves?isators feel that the he- 
patomegaly is due to {he deposition of large quanti- 
ties of vitamin A in the liver."* Bifulco believes the 
liver enlargement is secondary to fat deposition.* 
Routine histological stuclies of the liver have failed 
to disclose any abnormalities.” 

Numerous abnormal! laboratory findings have 
been noted.'® Anemia, hypoprothrombinemia, hy- 
poproteinemia, clevated serum level of aikaline 
phosphatase, and increased total body lipids are 
common. Rodahl has demonstrated that animals 
with experimental hypervitaminosis A have Uimin- 
ished serum ascorbic acid and decreased amounts 
of this substance in the fiver and adrenal giands.'* 
Decreased serum ascorbic acid values were pres. 
ent in this patient and in a patient Previously en- 
countered in this institution.” 

When vitamin A intake is discontinued in pa- 
tients with hypervitaminosis, serum levels of this 
vitamin initially fall sharply and subsequently slow- 
ly taper off for many wecks.* The serum vitamin 
A level in this patient was. A4On¢/100 ml_approxi- 
mately fhrce weeks after withdrawal of_yitamin A, 
Several weeks later, elevated levels (220ug¢/100 ml} 

sporsistedsc) eS 

Relief 0: nonspecific and musculoskeletal symp- 
toms occurs within several wecks upon withdrawal 
of the drug.'* Hepatomegaly und alopecia are fre- 
quently the last manifestations to disappear. 

Chronic hypervitaminosis A occurs in patients 
who take large doses of this vitamin for various 
dermatological and respiratory disorders and in 
food faddists who include large quantities of vita- 
mins in their dietary programs.''* The long delay 
in chagnosis following the onset of symptoms, and 
the severity and rarity of reported cases in adults, 
inticate a low index of suspicion among physicians. 
In view of the marked vitamin production and con- 
sumption in this country, milder cases must cer- 
tainly exist and probably cre unrecognized. Tie 
manifestations of chronic vitamin A intoxication 
begin insidiously, and patients frequently fail to 
volunteer information regarding their vitamin in- 
take. Increased awarencss of this entity should re- 
sult in more frequent clinical recognition. Two 
adult patients with hypervitaminosis A have been 
encountered on the wards of this hospital in the 
past three years. 
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Delirium in a Coronary Care Unit 


Donald L. Parker, MD, end James R, Hodge, MD 


Eleven patients experienced varying degrees of delirlum 
during the treatment of myocardial infarction In a cor- 
onary care unit. Sensory monotony and sleep deprivation 
seem to be of importance In relation to this state. This 
potentially serious complication may be combated by 
placement of the patient in a reassuring and less mo- 
notonous environment, and by the judicious use of pheno- 


_thlazine drugs for sedation. 


ELEVEN PATIENTS had delirium during treat- 
ment for acute myocardial infarction in a coronary 
care unit. The basic management of all patients in 
this unit was complete bed rest, air-conditioned 
oxygen tent, electrocardiographic monitoring with 
electrodes and cables attached to both arms and 


- one leg, frequent determinations of pulse and blood 


pressure, and mild sedation. The care unit con- 

sisted of a 12-bed open ward with sliding curtains 

encircling each bed, overhead Jighting, and trans- 

lucent glass in most windows. Family members of 

oe were restricted to five-minute visits each 
our, 


Clintcal Observations 


Several features of the 12 episodes of delirium in 
these 11 patients are suminarized in the Table. The 
severity of the symptoms was graded as follows: 
mild, showing brief periods of disorientation or in- 
appropriate behavior; modcrate, with prolonged 
confusion and apprehension or restlessness; mod- 
erately severe, progressing to illusions and imagery 
(hallucinations) and paranoid idcation; and severe, 


From the departinents of meaticine (De. Parker) and peychia- 
try (Dr. Hodge), Akron (Olio) City Hospital. 

Read before the Akron City Hospital Postgraduate Dey Aa- 
sembly, Akron, Ohio, June 16, 1s). 
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Clinical Features of Delirium 
Oceurring During intensive Coronary Care 
en ene nee et 
ftympteme 
Onset Duration 
(he) (Deye) 
63 3 
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Severity 
Moderately 
severe 

Severe 
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exhibiting combativeness and panic. The exte-t.' 
myocardial damage was estimated by the der 
and duration of elevation of serum glutamic oi 
acetic transaminase level, and the occurrence 
hypotension, cardiac failure, or other complicatin: 
No apparent relationship existed between thee 
tent of inyocardial damage and the severity of = | 
delirium. 

The mean time interval from admission to on — 
of symptoms was 2.3 days with a range of 15 w= - 
hours. Disorientation, usually at night, and ier 
propriate remarks or behavior were often the & 
manifestations. These were frequently associ 
with lethargy. Longer periods of confusion, 
Jessness, and apprehension then developed. So: 
of the bed with urine and stool was a notable 4: 
ture in several instances. Some patients had i. 
sions of objects or people in the reflections on tk: 
oxygen tents; and others experienced hal!ucs. 
tions, talking to imaginary people, and pickirgc 
objects in the air. Those who were more sever. 
affected became suspicious, agitated, and comt= 
ive. Many took off their ECG cables and pulled r 
the oxygen tents, or tried to climb over the sa 
rails of their beds. 

The mean duration of symptoms was 4.5 dx: 
There was a tendency for the less severe ep.sx- 
to be of shorter duration. During the last houss¢ 
their symptoms, the patients usually had lorg + 
riods of deep sleep frein which they often awou 
more rational and cooperative. One fatal term 
tion cccurred in these 11 delirious patients. 

‘Tseatment of the delirium usually consisted ¢ - 
sedation with phenothiazine drugs and the use¢ 
soft cloth restraints, However, the patients »° 
responded best were those who had been moved 5 . 
a side room or transferred to a general mec: 
floor. Their oxygen tents and monitors were > 
moved and family members were allowed to 
with them for long pericds, in an attempt to ke 
the paticnts’ reestablish contact with their envz 
ment, 
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Hepatic, Neurologic and Dermatologic Complications 


Eee aac 


MANFRED O. MUCNTER, M.9. _ Two cases of chronic vitamin A intoxication In adults are de- 
HAROLD O. PERRY, MD scribed, and the literature is reviewed. Hepatoceliular damage, 
JURGEN LUDWIG, MD. portal fibrosis and eventual cirrhosis may result from chronic , 
vitamin A Intoxication in man. Neurologic complications are fre- 
quent and consist predominantly of increased intracranial pres- 
sure,muscle stiffness aggravated byexercise,and mental changes. 
Teratogenic cffects have been documented in animal experl- 
ments and affect primarily the development of the central ner- 
vous system. Large doses of vitamin A, if prescribed at ail for 
dermatologic conditions, should be given only for limited periods 
under close medical supervision and shou'd not be given during 
pregnancy. 


Rochester, Minnesota 


Vitamin A intoxication is a well recognized clinical entity. The acute 
form ts self-limited and rarely presents a diagnostic problem. The 
chronic form has been observed predominantly in children, but an 
increasing number of cases have been described in adults. We re- 
port two cases of chronic vitamin A intoxication because of some 
findings titherio undescribed. 


CASE REPORTS 


Case 1. An cighteen yeay old white women presented in November 
1967 complaining of tiredness, dry and cracking skin, soreness and 
‘Stiffness of muscles after exercise, and infected toe and finger nails. 
A diagnosis of McArdle's desease had been made elsewherc. 
Her illness began in March 1966 as a flu-like syndrome with a 
skin eruption which was treated with vitamin A (Aquasol A), 300,- 
000 IU daily. She had continued this medication beyond the recom- 
mended period of one month, tuking 100,000 to 200,000 IU daily 
because of its favorable effect on her dry skin. 
In July 1966 she ‘noticed painful muscular stiffness and fatigue 
after exercise, more marked in the lower than in the upper ex- 
tremities, which would subside within half an hour of rest; for ex- 
ample, after riding a bicygle she would be unable to walt because of 
muscle stiffness in both legs. She also complained of pain tn bones 
and joints, nosebleeds, anorexia, swollen feet, cold forearms and 
From the Sections of Neurology. Derma- generalized pruritus which was followed within two days by scaling. 
tolbey: (and Repelimenta and: Anatomie Severe generalized headache of one week's duration occurred ‘in 
Pathology. Mayo Clinic and Mayo Founda : 4 \ ae h t Geintion. acalin 
tion, Rochester, Minnesota 55901. Re: August 1966. A generalized maculoerythematous ption, 4 
quests for reprints should be addressed to and dryness of the skin were noted. A diagnosis of Stevens-Jonnson 
Section of Publications, Meyo Clinic, Roch- syndrome was considered. Severe infections of ingrown toe and 

finger nails then occurred and were resistant to medica! and sur- 


ester, Minnesots 5590). Manuscript re- 
ceived January 23, 1970. gical therapy. A diagnosis of McArdie’s disease was made in 
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Figure 1. Case 1. Marginal discoloration (bright red) 
of gingiva. : 


September 1966. In March 1967 a bright ved dis- 
Coloration of the gingival margin was noted. In sum. 
mer 1967 the maculoerythematous skin eruption 
Cleared but recurred again for several weeks in the 
fall. For one year the patient had had an INENSe Crav- 
Ing for carrots and eggs. 

The medical and family higtories were non on: 
tributory. 

Examination in November 1967 disclosed a healthy 
appearing woman in no distress (temperature 98.7° F, 
pulse 72/minute, respiration 17 /minute, blood pres- 
suro 130/90 mm Hg) The skin was dry and scaly. An 
angular stomatitis and bleeding fissures of the 
Paronychia! tissues were noted. Several ingrown toe 
and finger nails had produced excessive granulation 
tissue. The gingiva was brightly red at its margin 
(Figure 1). Café-au-lait spots were noted on the left 
mid-abdomen and the anterior right thigh. The diver 
was palpable 4 to 8 cm below the xiphoid in the midline 


"and 3 cm below the right costal margin: it was soft, 


smooth and not tender. The spleen descended 2 em 
with deep inspiration. Neurologic examination showed 
bilateral subacute papilledema with less than J ciopter 
elevation of the disk margins, confirmed by fluorescein 
Studics. The myotatic reflexes were symmetrically in- 
creased to a moderafe degree, but no patho'oric re- 
flexes could be elicited. The remainder of the ex- 
amination disclosed no abnormalities. 
Laboratory data included hemoptobin 11.3 em/100 
ml, leukocytes 4,100/cu mm, erythrocyte scedimenta- 
tion rate 64 mm in one hour (Westergren), alkaline 
phosphatase 129 International Units/L, serum glutamic 
Oxalacetic transaminase (SGOT) 80 umits/L, sulfo- 
bromophthalein retention 32 per cent after one hour, 
urinalysis grade 1 protein, grade 1 white blood cel! 
Count, serum vitamin A 737 ,g/160 m! (normal 37 to 
45 ,.£/100 mi), serum carotene 88 v@/100 mi, choles- 
terol 178 mg/100 mi, cholestero! esters 127 meg/100 
mi, phospholipids 173 mg/100 mi, fatty acids 355 


mg/100 mi, triglycerides 64 mg/100 mi. Other tab 
Oratory tests giving normal results were differen‘ial 
leukocyte count; blood sugar: serum bilirubin, sodium, 
Calcium, phssphorus and creatinine. protein. bound io- 
dine, Creatinine phosphokinase; Glucose tolerance test: 
Serologic test for syphilis (VORL); unne screening 
test for inborn errors of metabolism: twenty-four nour 
urinary Creatinine, electroencephalogram: echoencepn. 
alogram, electromyogram: ischemic exercise toier- 
ance test. Roentgenoyrams of the head showed in. 
Creased diploic vascular channels in the night frontal 
area and calcification ef the choro:d plexus Roentyveno 
erams of the thorax, lumbar and thoracic Syinal re. 
Bions, feet, meht hand and beth legs did not disclose 
any abnormalities. 

A bone biopsy specimen was taken from the left 
ninth rib, the results nave been reported elsewrere (1 

The diagnosis of chromic vitamur A intoxication 
was made, ud ail intake of supplementary wiamin A 
was discontinued. 

When seen again in January 1968, the patient bad 
recovered from all symptoms. The subacute Papil- 
ledema was unchanped. Spleen and liver were un- 
chanced in size. ingrown nails continued to be inflamed, 
infected and resistant to therapy. Laboratory da'a were 
hemoglobin 10.8 gm/.30 mi, red blood ceil count 
3.44 » 10"/cu mm, sedimentation rate 87 mm in one 
hour, alkaline phosphatase 105 umits/L, SGOl $$ 
units/L, prothrambin time twenty nine seconds. brom 
sulfetein retention 24 pe* cent, serum total protein 7.2 
gm /200 mi, albumin 3.3 gm/100 mi, serum iron 48 
#£/100 mi, serum vitamin A 155 ,e¢/100 mi, serum 
carotene 25) ».¢/100 mi. Vitamin K (Synkamin*), 
4 me daily, was prescribed. 

in farch 1968 the patient still felt well. The liver 
was palpable 4.5 cm below the xiphoid and the spleen, 
2 cm with inspiration. One Spider nevus was noted 
On the dorsum of the ripht wrist. The subscute papi! 
ledema was unchanged. The intraocular pressure was 
12 mm in each eye as measured by applanation. Lab 
Oratory data included hemoglobin 11.0 gm/i00 mi, 
sedimentation rate 80 mm in one hour, alkaline phos- 
phatase 117 umits/L, SGOT 49 units/L, prothrombin 
time 25 seconds, thymol turbidity 3 units, cephaiin 
flocculation 44, bromsui‘alein retention 34 per cent, 
total serum protein 7.58 gr/100 mi, aloumin 3 42 
€M/100 mi, serum vitamin 2 119.7 p@/100 mi. Urinaly 
Sis disclosed protein 1+, white blood cells 14+. red 
blood cells 1+. Treatment with vitamin K was contin- 
ued. The patient was instructed to adhere to a fow 
vitamin A chet with high protein and tow fat con- 
tent. ‘ 

In July 1968 the optic disks were normal. The hiver 
was palpable 6 cm below the xiphoid and tne right 
Costal margin, and the spleen, 3 cm below the costal 
Margin with inspiration. Several spider nevr were 
noted. The gingival discoloration was barely visibie. 
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Parunychia and infected toenails had healed. Labora- 
tory fata incluted sedimentation rate B82 mm in one 
hout alkaline phospratase 129 units/L, SGOT 53 
units i, prethronibin time twenty nine seconds. brom 
sulfatein retention 32 per cent, serum total protein 
7.46 gm t00 mi, albumin 3.44 pm/!00 mi. serum 
vitamin A 97.2 .g/100 m!. Unnatysis uisctosed pro 
tein 14, white blood cells 11. In view of persistent 
sipns of active inflammatory liver disease, steroid 
therapy was recommended, 30 mp of prednisone 
daily for three weeks followed by 20 me daily for four 
weeks and 15 mp daily for one week However, the 
patient took only approximately half of the recom 
mended dosage spread over a two month period. 

fa September 1968, she reported nosebleeds on 
sight occasions and fatigue. The hver wa: no longer 
enlarged; the spleen was palpable 2 cm wit inspira: 
tion, Four spider news were noted on the h nds. Lab 
Oratory data included a sedimentation rate of 72 mm 
m one hour, bromsulfatein retention 36 per cent, 
‘geo turbidity 4 units, cephaln "occulation 4), 
athaline phospiatase 94 units/t. biivubin direct nepa 
hive. indirect 2.0 mng/100 m!, SGOT 50 units/L, serum 
‘ord protein 765 gm/ 100 mi, albumm 3.41 gm/100 
au, prothrombin time twenty one seconds. Needle 
biopsy of the liver (Figure 2) showed marked, peri 
portal and centrilobular fibrosis Il defined bands of 
connect tissue subdivided the lobules and caused 
distortion Of The Hormel Hepate arcmiecture. There 
Was proliferation of the Kupffer cells avd fibroblasts 
Smal! groups of hepatic cells were encased by con. 
nective tissue fibers which had formed in the walls 
of the sinusoids There was fiprosis of the portal ticids 


Figure 2. Case 1. Liver bh 

* “Sy specimen. Left. perpor 

*s! atratobular and centrlob 

ulee fibrosis; fatty changes, 
predominantly of hepatic cells: — 
‘niammation of portal tracts; 7s 
molteration of Kuptier ceils; fa 
clusters of polymorphonuclearss. .‘ 
leukocytes. Van Gieson stain, "tye 
eriginal miposfication % 150. 

Right, hepatc fibrosis with « « 
tymphonistiocytic and granulo- ,\+?, at 
cyte Inflammatory infiltrates; 4 Tie<" 
small cluster of partly degen. h-y"s 
erating hes atic ceils with fatty *" 
changes; loss of normal he. nto 
bate architecture. Hemstoxy- eat ie 
in and eo%n stain, original Noy” AG 
magnification » 165. cat Pal WIA 
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Some of the portal vein branches were markedly di- £338 ' 


fated. The wails of these veins were thin, and there 
were no signs of thrombos.s. There was some atypical 
bile duct proliferation. A moderate number of poly 
morphonuciear leukocytes were found in the areas of 
intratobular fibrosis. The Prussian biue method (Per!) 
failed to demonstrate reactive ferric iron. Frozen sec 
tions of the specimen showed marked fatty mges 
with small and large isotropic Sudan IV-pos:tiv. drop 
lets, predominantly in the hepatic cells and to a 
fesser degrce in the Kupffer cells. The fat showed a 
marked vitamin A fluorescence, fading from green to 
blue after about fifteen seconds [2]. The hestologic 
diagnosis was severe hepatic fibrasis and fatty changes 
of the liver, secondary to vitamin A intoxication 

in March 1969 the patient was feeling well. The 
liver was palpable 3 cm below the costa! margin and 
the spleen, 3 cm with inspiration. Several spider nevi 
were uncharged. Laboratory data included hemo 
globin 12.6 gm/100 mi, sedimentation rate 85 mm in 
one hour, Diirutin direct negative, indirect 2.5 mg/ 100 
mi, alkatine phcsphatase 71 units/L, SGOT $3 units/L, 
serum total protesn 694 gm/100 mi. albumin 3.12 
em/100 mi, bromsulfalen retention 26 per cert. 
thymol turbidity 4 units, cephalin flocculation 4+, 
Prothrombin time twenty seven seconds. serum vitamin 
A 42°) 9/100 mi, carotene 216 ,g/190 mi, cho- 
lesterol 454 mr/100 mi cholestern! esters 295 
me/100 mi, trplycendes 164 mgs; mi, phosphe- 
lipids 392 mg/100 mi, total hpids 1,010 mg/100 mi 


Case 2. A 52 year old woman was first seen at the 
Mayo Clinic in June 1947 complaining of severe gen- 
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CHROMIC VITAMIN A INTOMICATION i ACULTS—MULNIER ET AL 


eralized pruritus, predominantly of the scalp, shoulders 
and nuchal area, which had developed in September 
1946. The skin had Gecome rouph and dry, and she 
had lost hair. The diagnosis of pitynasis rubra pilaris 
was made afier a shin biopsy. Laboratory data were 
nermal, including sedimentation rate 10 mm in one 
hour, serum vitamin A 35 ,¢/100 mi and carotene 13} 
pe/t00 ml. The patient was treated with 3 per cent 
ichthammol (ichthyol*) omtment, aluminum = sub- 
acctate wet dressings, trpelennamine (Pyribenze 
mine"), and witamin A (100,000 IU daily); the wtamin 
A was to be discontinued after three months. She was 
dismissed to the care of her local dermatologist. Her 
conditicn improved approximately 50 per cent. Be- 
cause symptems recurred whenever she discontinued 
vitamia A, she increased the vitamin A intake to 
400,000 1U daily for one year and took 200.000 to 
300,000 IU /day thereafter for the ensuing eight years 

The family history was noncontributory. The medi- 
cal history included a hysterectomy in 1945. The 
patient had never had symptoms of hepatitis mor was 
there a history of exposure to known hepatotoxins. 
She had received one blood transfusion in 1950 with- 
out complication in 1949 she had been treated for 
cystitis with sulfonamides. tn 1950 cholecystectomy 
was performed because of cholelithiasis. In 1952 a 
deep vein phlebitis healed after conservative therapy 
In 1952 she was hospitalized for severe low back 
pain which subsided with traction. In 1954 she had 
“low grade arthritis’ for which she was treated with 
phenylbutazone (Butazolidin") and thyroid prepara. 
tions. 

In September 1954 she experienced pain in the 
dorsal spinal region. In early summer of 1955, 
anorexia, nausca and a 16 pound weight toss oc- 
curred. At this time the liver was found to be tender 
and enlarged to the umbilicus. Laboratory data in- 
cluded hemogitobin 11.7 gm/100 mi, red blood cells 
3.91 .x 10"/cu mm, bromsulfalein retention 45 per 
cent afier thirty minutes, icteric index 13.9 units, 
prothrombin time twenty four seconds, serum totaf* 
protein 7.6 gm/100 mi, albumin 2.03 gm/1CO mi. glo- 
bulin 557 gm/iCO mi, sedimentation rate 20 mm in 
one hour, basa! metabolic rate — 1! per cent, glucose 
tolerance test indicat:ve of mild diabetes mellitus. Leu- 
kocyte count, urinalysis and plasma cholesterol ievels 
were within normal limits. 

An open fiver biopsy was performed in October 
1955 (in Denver). When the slides were tater re 
viewed at this clinic, the hiviotogic diagnosis wat 
cirrhosis of the liver, probably postnecrotic aid cavse 
unknown. No fluorescence studies were carried our 
(The paraffin sections were not available for study.) 
According to the original description by Or. S. K. Kur- 
land, Denver, the biopsy specimen was firm and gray- 
ycllow; the sectioned surface was lobulated, nodular 
and varied in color from gray-brown to gray-yellow. 
Histologically there was marked disorganization of 
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indwidual lobules with, in many instances. cometete 
loss of the normal central vein and portal triad re- 
lationship. The fibrous tissue around tne portal tracts 
was increased and contained proliferating bile ducts. 
focal accumulation of lymphocytes and occasional 
histiocytes. The histiocytes im many instances were 
hpoid lacen. The fibrous tissue was increased both be 
tween portal triads and occasionally between hepric 
cell plates. The hepatic cells were finely retculotet 
Within some of the lwer cet!s and bile canaiicul was 
imspissated bile Regenerative and degenerative 
changes of hepatic cells were evident in some areas 
The dhuegnoses was cwrhesis moderately advanced 
Subsequent to this biopsy protein, jcw fat 
diet was prescribed, and crsd2 hyver injections were 
given intramuscularly twice werkly. 

The patent returned to the Mayo Clinic in March 
1956, for the first time since 1947, complaring of 
increasingly severe, nonradiating, midthoracic back 
Pain, anorexia, fatigue, somnolence and yellows’: 
discoloration of the skin vn 

On examination the vital sieges were normat, there 
was slight rencralzed icterus. pallor of the face and 
erythema of the fingers and paims. The liver was pu! 
pable at the umbilicus, firm and not tender. The spiern 
was shghtly enlarged. Mild pitting edema of the ters 
was noted Neck motions were moderately limited A 
mild static and movement tremor of the head. lies. 
tongue and arms was present. ine gait was sti'f and 
slightly unsteady; ali muscle groups snowed moccter. 
ately increased tone. The myotatic reflexes were sym- 
metrically hyperactive, but no pathologic reflexes were 
found. Axillary hair was absent and pubic har was 
sparse. The nails were spooned and dystropmic Tre 
remainder of the examination was monconinbutory 

Laboratory data included hemogiobin 11.2 gm/100 
mi, red blood cetis 3.9 x 10"/cu mm, sedimentation 
rate 66 mm in one hours, bilirubin direct nerative, in- 
tirect 1.16, alkaline phosphatase 146 Bouansky 
units, prothrombin time 22 seconds, thymo!l turtrd ty 
3 units, cephaln flocculation 34, bromsulfatein re 
tention 26 per cent in one hour, serum total protein 
646 gm/100 mi, albumin 3.79 gm/100 mi, serum 

.vitamin A 250 ,g/100 mi, serum carotene 9C ,.g/ 106 
mi, cholesterol 234 mg/100 tai, cholestero! esters 167 
mg/100 mt, phospholipids 240 mng/100 mi, fatty acs 
359 me/100 mi, total tipids 593 me/100 mi. A 
roentpenogram of the thorax showed narrowing of the 
erghth and ninth thoracic intervertebral spaces 

The diagnosis of chronic vitamin A intoacation was 
made. Vitamin A intake was discontinued and, within 
“four weeks, the back pain disappeared: the patiert’s 
level of energy, alertness &nd appetite returned to 
normal, she gained 4 pounds, and there was no ab- 
normality of the skin. She was dismissed on a rez:men 
Consisting of a high protein, low fat diet and vitamin 
K. The vitamin A level four weeks after discont:nua- 
tion of vitamin A intake was 85.8 ,g/i00 mI. 
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On taiow-up examination in Augus! 1956 the patient 
Complained of fatigability but Otherwise felt well. The 
Scatp hair had become thicker, and the shin was less 
Gry The liver size was unchanged; the spleen was no 
longer palpable. One Spider nevus was present on the 
forehead. Laboratory gata included hemoglobin 12.1 
8/100 mi, red blood ceti count 3.91 « 10"/eu mm, 
SEduncrtaton rate 63 mm in one hour, bilirubin direct 
negate. indirect 1.4 mg/100 mi, prothrombin timo 
twenty three Seconds, thymol turbidity 3 units, cephalin 
flocculation 3,, bromsulfatein retention 26 per cent, 
serum total protein 6.§ em/100 m!, albumin 3.8 
em /100 mi, serum vitamin A 750 18/100 mi, plasma 
cholesterol! 333 me/100 mil, cholesterol esters 217 
me/100 mi, Phosphotipids 313 me/100 mi, fatty 
acids £27 meg/100 mi, total lipids 860 meg/100 mi 

in September 1957 the patient had ro complaints 
and iooked well The liver was unchanged in size and 
Dalpovle at the umbilicus, the spleen was not palpabie 
The myotatic refieses remained hyperactive. Labora- 
lory sta inctuded ‘emoglobin 13.4 pm/100 mi, 
2edimentation rate 42 mm in one hour, bilirubin di. 
fect negative, incirect 1.34 me/1CO mi, prothrombin 
time 22 seconds, thymol turbidity 4 units, cephatin 
fiocculation 4+, bromsulfatein retention 36 pur cent, 
serum total protein 6 8 gm/.00 mi, atbumin 4.1 gm/ 
100 mi, serum vitamin A 31.5 2/100 mi, serum 
Carotene 181 .g/109 mi, plasma cholesterol 311 me/ 
100 mi, cholesterol esters 200 mr/100 mi, phospho. 
hpids 333 mpe/100 mi, fatty acids 507 mg/i00 mi, 
total lipids. 818 me:/100 mi 

'n December 1961 bromsulfalein retention was 31.3 
Per cent in one hour cephalin flocculation 44. In 
December 1953 bromsulfalein retention was 18.7 per 
cent in one tour. 

In October 1968 the patient felt well and had no 
complaints. On reexamination by her local physician, 
the hver was no lonrer palpable: a foentgenorram of 
the abdomen showed a normal liver outline Labora- 
tory data included a hemogiobin of 16 0 gm/i00 mi, 
Sedimentation rate 7 mm in one hour, hilirubin di. 
rect negative, indirect 1.0 mg/100 mi, alkaline phos. 
phatase 60 ufits/t. cephalin flocculation 24, brom- 
sulfatein retention 17.3 Per cent after forty-five 
Minutes, serum total protein 6.3 @m/300 mi, albumin 
4.03 gm/100 mi. sGoT 38 units/i, cholesterol 257 
me/100 mi. 


COMMENTS 


- The literature Contains seventeen case reports of 
chronic vitamir A intoxication in adolescents or 
adults, including those reported in this paper (3-15). 
They are summnarized in Tables | and Il. 

Sixteen patients were female, and one was male. 
The age range was fourteen to sixty-two years. The 
daily vitamin A intake ranged from 41.090 to 600,000 
!U, and the duration was two months to nine years. 
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The smatiest daily dose leading to intoxication was 
41.000 1U taken for eignt years (12). Intoxcation after a E340 
two-month Penrod of vitamin A intake occurred on a 
daily dose of 200.0% to 275.000 1U {4}. 

in the past, vitamin A has been used in large doses 
Over protracted penods for the management of a wae 
vanety of dermatologic conditions, but without ade 
Quate therapeutic basis. The reason for vitamin A 
therapy in the cases reviewed WIS aCNe iN eeht cases, 
“cold prevention” in two and Pityriasis rubra pilaris, 
Monspecic skin eruption, ichthyosis, food fadism, 
“to IMprove vision” and for “dry skin’ in one case 
each. 

Our cases confirm the Chinical picture charactenstic 
of chronic vitamin A intoxication in adults: the in- 
vanably present skin changes, wicreased intracranial 
pressure, bone and joint pain, fatigue and anorexia. 
In addition they exemplity climcal features which 
have not been emphasized in the past. 

Both patients showed marked impaument of liver 
function, one and a half and twelve years, respec- 
twely, after vitamin A intake wes discontinued. In 


TABLE 1 Symptoms eng Signs In Seventeen Cases of 
Chronic Vitomin A intoxication im Adults 
and Adolescents 


eee 


Symptom or Sign 


Skin (dryness, mx ulopapular rash, fissures, 
desquamation, pigmentation, pruritus) 

Hair toss 

Generatized weakness and fatigue 

Pain in bones ang joints 

Marked tenderness of bones to palpation 

Anorexia 

Headache 

Hepatomegaly 

Muscle stiffness 

Endocrine (asent or decreased menorrhea} 

Papittedema 

Oiplopie 

Weight toss 

Splenomegaty 

Potyuna, rolydipsia, urinary frequency 

Psychiatric symptoms 

Edema of tower extremities 

Insomnia 

Bleeding (nose and lips) 

Brittle naits ° 

Somnolence 

Exophthatmus 

Yellow discoatoration of skin 

Otner neurctogic symptoms 

Gingivitis 

Lymphadenopathy 


NWPREERARMAMAAAN VAY 


~~ AWD 


*A similar case of INgvitis in vitamin A intoxication 
has been described by Smith (16] but wes not included 
in this review of seventeen Cases. 
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TABLE tt Laboratory Findings wn Seventeen Cases of Chronic Vitarun A Intoxcation wm Adults and Adstexeants 


Test 


—— eet 
Sedimentation rate (mm in one nr) 
Sulfobromapninaien fetenton (%) 
Alkaline Proiphetase 
Serum tofa! protein 
Serum total atbumin 
Setum bulrubin total 
Girect 

‘ indirect 
Prothrombin time 
Thymet lurb-dity 
Cephatin flocculation 
Hemogiobin (gm/100 mi) 
Leukocyte count (per cumm) 
Protein-bound todine (49/100 mip 
Chotestero! 
Urinalysis 
Cerebrospinat tivia: Pressure (cm water) 

Celts, prote:n 
Roentgenogram of long bones and _ sine 
Etectrcencepnatogram 
Serum vitamin A {49/100 mt) 
Serum carotene 9/100 mi) 


3 (17, 26, 32) 

? (incee yse} 

! (decreased) 

7 (decreased) 

S (increased) 

! (Uncreased) 

! (incressed) 

3 Lintreased} 

i Oncreased) 

2 (ncreased) 

6 (decreased: fange $0 2.12.0) 
3 £3,200, 4,100, 4,306) 
2418.10 8) 

2 (decreased) 

3 (protem Ley 

3 (35, 60 “increased”’) 
ts) 
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2 (deminerai:zation) 
2 (diffuse ebnormality, projected type) 
37 (range, 83 2,000) 
3 (shqntly increased, fange 264-375) 
eee ee 
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“These normal values were 13/13, and 7? cm water. 
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Case 2, liver size returned to normal, and liver func- tinued. Misra {18} reported an increase in tote! brein 
tion improved Slowly. Neither Patient gave any lipids and cholesterol in vitamin A intoucation. 
history of hepatitis or exposure to hepatotoxic sub. The cerenrospinal Mund pressure was Measured in 
Stances other than vitamin A. This, the fluorescence Six of the cases repurted in the literature. it was in- 
microscopic findings in Case ! and the improvement creased in thre [6.8.14] and normal in three [9.12.13] 
after discontinuation of vitamin A intake in Case 2 In the three cases in witch £. ssure was increased, 
Suggest stronply that the impaired liver function and was associated with Papiiiedema twice, Uiplopia 
the morphologic changes in hepatic tissue were a re. three times anid headache twice. In the three cases in 
Suit of the hepatotoxic effect of vitamin A Hepato. which the Dressure was found to be normal. it was 
megaly has been noted in Six other cases of chronic measured several wecks after vitamin A therapy was 
vitamin A intoxication 15.6,7,10,11,15). A liver biopsy discontinued in une Case, was noi associaied with 
was normal in one case {Il}. Hepatic cett Necrosis, Papiliedems or diplopia in the S€CONd Case, and was 
fatty changes and other patnologic lind:ngs inthe Measured after pneumoence phalography wm the 
liver of expenmental animals feported by numerous ©  thirg case. In the case reported by Gerber and asso 
investigators seem to.coniitm the hepatotoxic effects. Crates [6] the cerebrospinal fluid was found to be un. 
Of excess vitamin A [17}; the cause of death in these der increased pressure when ventniculography was 
animats frequently was widespread hemorrhage due performed. A Cramiotomy was camed out on this 
to hypoprothrombinemia Secondary io marked loss Patient: she continued to take vitamin A. and the 
8nd imp2'sment of hepatic Parenchyma, These ex. Craniotomy site w25 repeatedly found to be tense and 
perimental findings, however, refer to results of acute markedly bulging. Jennekens and Van Veelen [13] 
intoxication. The biopsy findings iN Our two cases sug: feported a case of subacute vitamin A intoxication 
Best that, in man, chronic hypervitaminosis A may_ (not included in our review of chronic cases) in a 
“lead to hepatocetiular damages, portal fibrosis and ninetzen year old patient with Giplop's, papilledema 
eventual cirrhosis. and headache: an elevated cerebrospinal fiuig pres. 
~ Amatked increase in plasma lipid levels was noted Sure (300 mm water) was found. These findines 
tn both of our cases after discontinuation of vitamin strongly suggest that chronic vitamin A iNtoxi: ation 
A therapy and miay be related to impaired liver func: in adult man causes increase Of cerebrospinal fluid 
tion. However, it is of interest thet the increase oc- presslre with diplopia, papilledema and headache. 
Curred shortly after vitamin A intake was discon. This isin contrast to the results of animal expenments 
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[19.20] but is in accord with the prompt bulging of 
fontanets observed in acute vitamin A intoxication in 
infants [21] as well as the ebservation of increased 
intraceanial pressure and hydrocephalus in offspring 
of rats fed excessive doses of vitamin A [22]. 

Only few nevrolog:e signs, other than increased in- 
traciama!l pressure with associated diplopia, somno 
lence and headache, have been reported in man. 
Gerber and co-workers [6} described nystagmus, 
atrophy of selected muscles and sensory symptoms 
in the saciile area in thew patent. 

We would like to cail attention to a neurologic symp 
tom which, in one of our patents, led to ine mistaken 
diagnosis of McArdie’s disease. It consists of mus le 
st'finess which may or may not be present sponta 
neously hut wiloccur or be markedly increased with 
activity and subside with resf, This sympton can be 
comé severe enough to make walking impossible, 
was observed in seven of the seventeen cases re 
ported mw the hterature (6-8,11,15} and may lead to 
bizarre postures. it is not known whether this symp- 
tam 1s of myogenic of neuropenic ongin. 

Psychiatric manifestations have been prominent in 
several cases and may lead to social isolation of the 
patent, wm mild cases they presented as depression 
Of teritatbilty 

Numerous central nervous system changes have 
been reported to occur in witamin A intoxication of ex 
pernmental animals, including exencepnaly and 
anenceohaly in offspring of vitamin Avntoxcated rats 
{22}. neuronal changes in the neuroepithetial zone in 
offspang of mice [23!, higher incidence of postvaccinal 
encephalomyeiitis in rabbits [24] and widespread 
Neuronal depeneration in puinea pigs [25] 

The rather string ginpiwitts present in one of our 
petients has been reported on only one other occa 
sion [16] 


mak: 

Paronychia and infected inprown toenar's associ. 
ated with abnormal granulation tissue in one of our 
patients subsided after vitamin A therapy was ds 
continued and were probably related to the hyper. 
vilannnosis. 

We nave no explanation for the craving for food 
with high witamn A content which has been reporied 
by others and was present in one of our patents. it 
Occurs Guring the state of hypervitarminesis 

Laboratory tests in the reported cases showed 
vanable results excepi for consistently increased 
éerum vitamin A levels. Other abnormal findings were” 
Increased cerebrospinal fluid pressure and abnormal. 
Tver fincivon tests. Anemia, teukopenia and pro- 
teinuna were present in afew cases. Electroencepha- 
lopraptiuc abnonnaltes were reposted in two cases in 
winch there was evidence of increased intracranial 
pressure Demineralizaton of bones was detected 
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roentpenolog:cally in only two cases. in contrast to | 


marked bone abnormaiies with spontaneous frac 
tures usually noted in acute anima! expenments in 
one of our cases there were no gross'y detectable 
roentpenologic bone changes, but ‘narked a’terations 
im bone turnover were noted im the teopsy specimen 
{!}. 

it +s of umportance that. in chromic vitamin A in- 
toxrcation, storage of vitanin Ain the liver and serum 
levels of ‘vitamin A are nst proportionally related. 
During early stages of intoxication much of the vita 
min Ass stored in the liver, and the serum level! re- 
mains low. Qnce the Capacity for storage 1s exhausted, 
the serum level increases rapidly. For this reason, 
serum vitamin A levels may be high i a relatively 
small amount of vitamin A is given for a sufficientiy 
long period. The serum vitarnin A level may rema:n 
low if farpe amounts of vitamin A are given for short 
periods 
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Benign Intracranial Hypertension 
Associated With Hypervitaminosis A 


Martin IH Fetdman, MD, ond Nathan S Schlezinger, MD, Philadelphia 


% 
ot4ANY explanitions have been Ppropoed 
“orming the cliolozy of benign intracrani- 
2 erertension (BI). "The syndrome 
"$s headache, papillede ma, incrensed 
inial pressure, and occasional related 
"3 1 feld defects ani siath nerve pol ies 136 
“Y pihents are alert, and the electroen. 
‘train is usually normal,” as are the 
spinal fluid (CEE) protein level and 
“Joemt Preymoone ‘phatogram shows is 


’ 


erantals ventricular system, and na 
“stan of extracercbral CSF patterns.41 
edema has been nated on biopsy, with 
‘sof all cellular lements.12 Papillede 
© gexasionally he so severe as to con- 
*s 4 threat to vision? "The majority of 
s experience a self-limiting course, 
‘ore eeourrenee 3 ‘ 
~ "ated as causative factors have been 
‘Mawing: (1) oletruction or impair- 
“tcf intracranial venous drainage? 424. 
(rdocrine and metabolic dysfunc- 
“4 including obesity,%°33) menstrual 
Sopp tes Pregnancy,*37 menarche,2# 
<8) dieve2? and hyporarathy- 
flee (3) exogenously administered 
2 ONT including adrenal steroic 2988 fa 
“sera hormones,32 31 antibiutics,“3¢ and 
* Serspeutic drups?; and (4) systemic 
“8 including iron deficiency ane- 
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7 Ca Jeferon Metical College Hospital, 
Ps “ta Dr Febiman ia now at the Depart. 
ToS at As temy, Albert Eenstein College of Medi. 
-* ee NY, 

"ie part before the Philadelphia Neurolo;i- 
Te ee, April & 194, 
“7b eeuente to the Da pmitment of Newrolory, 
- oy Maticd College Heapitel, Philadelphia 
“A Bb cauncen), 


mia,“*7 blood dyserasias,£%.69 allergy,’® dia- 
betes mellitus,” Sydenharn’s chorea,’?."3 sar- 
coidasis,. — trypancsominsis,7? infectious 
nvnonucteesus,)® roscola inf.ntum,?? lupus 
erythematosus,’ respiratory insuficic ney seC- 
ondary to chronic lung d ease, 7999 yy ocoular 
dystrophy," and polio? = A faimbal form 
of BIH has been recently desceitas}®! Hy- 
pertensive encephalopathy’? and lead intoxi- 
Calen?= may io prescut with poniedema, 
Papuledema with incre ed intracranial pres. 
sure, and without evidence of intracranial 
mes lesion, may be seen in conditions :s- 
sociated with elevated CSE protein levels 
such as polyradiculoncuritis"™ + and spinal 
cord tumor.!02 es 

In 1954 Gerber ct of! firct reported hy- 
Per vitaminosis A associated with pecude- 
tumor errebri in an adult. Since then, only 
three other cosg in young adults have been 
reported 0.111 


‘ Report of Cases 


Cast 1.—A 20-year-old white man was admit. 
ted to Jcflerson Medical Collere Hospital on 
Oct 11, 196f) Approaimatcly four to fie 
months prior te admission the patient de- 
veloped mild, stendy, dull, nonthrubling frontal 
headaches lactiny a few hours each, and usally 
relieved by aspirin. The headaches occurred 
about once a week. were present often on 
awakening in the morning, and were somewhat 
aggravated by couzhing and bending over. Two 
to three weeks privr to admision he notet 
ocensional episecles of blurred vision that Jasted 
& few seconds each, Lroupht on by exertion ofr 
hy sudden chanres from the recumbent to the 
sitting gesition. "Phe remainder of the neurving- 
ie e¥ofem review was normal, 

The patient had been peviodivally followed 
ophthalmologically for minor external eye trau- 
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2 INTRACRANIAL HYPERTENSION—FELDMAN & SCHLEZINGER 


ma, ix! significantly, funduwepic examination 
on April 6, 1964, six months prior to ndmiasion, 
was vormal. Tio general medial history re 
vealed that the patient had Leen anflering from 
heratess folliculucis, a chronic skin condition 
for which vitamin A ie a recommentet 
treatment "3 The diagnosis had been confirmed 
by biopsy four years prior to his pre ent admis 
sion, ond he had been treated with high eral 
doses of vitamin A during thus time. The daily 
oral dusage of vitamin A vaned betacen 
100,009 and 590,000 units and was taken con 
finweusty for four years (since July 1000). The 
datage variabiity was determin d two the cli 
cal situation (Vialde 1), 

General physical examination on admission 
reveal d ua thin, muscular, white mak pationt in 
no distress, who complained of a mild head 
Vital signs were normal. Significant 
findings included a diffuse papulovesicutar, oily, 
crusting eruption on the shoulders wad face, 
cracking and orynesa of the Hips, and lender 
ness over the lunar spine ra 


ache 


The wun 
cal mar 
ain and very temler to palpation. There was no 


eplenomepaly or palpate lympliadenepathy 


approximately 2 cn below the right 


Neurelosieal examination revealed an alert, 
feeperative, intelhgen€ patient who had no de 
fects of mentation, speech, or memory. The 
extracular mmements were full without nye- 
tarinus or ptosis, Visual ficld testing revealed 
enlargement of the blind spot bilate rally, with 
no sector defets or scotomata. Visual nevity 
was 6/6 bilaterally. Funduscopie examination 
revealed 2 to 3 diopters of papiledana bilater- 
ally. Pupils were round, regular, equal, ard 
teacted briskly to light. The remainder of the 
exaraination was completely normal 

Admission Jaboratery studies revealed that 
hematoent, hemoglobin, white Llood cell count 
(WRC), urinaly-is, blood una nitrogen 
(BUN), fasting broad glucese, protein bound 
iealine (PHD). Vencroal Disease Research Tain. 
ratory (VDIRL) test, skull and chest roentgena 
gramme, ENG, and cleetrocardiogram were all 
completely within normal limits. Liver function 
studies revealed normal valuce for serum glu- 
famic oraleacetic transaminase (SGOT), lipase, 
ane bilirubin, withtalmormal values for alkaline 
Phephatase (19 Beelinsky unite) and pre 
thrombin time (40%). 

Serum vitamin A level, two weeks prior ta 
admission, was elated (1314@/100 ml). Senun 
carotene done simultaneously was permal 
(3lee/100 mi). Spinal uid examination ut 
time of admission revealed an opening pressure 
310 mm of CSF; the uid was clear und 
culurless; there were no cells; total Protein level 
was 35 mg/100 ml; colloidal poll cume was 
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Table 1.-—Retationship of Serum Vitamin A Lew ~ sh enmpression. No eo 
c __ Vitamin A Rese teeee 1 Lavy oe extraecular mic 
a Waaea A Veena’ wie Peripheral visual 
Serum Levet Dosage = sea'ed enlargement cf the 
(v@/ 100 wy (umtsito ty The viwal acuity w: 
The remainder of the nev 
eas completely normal { 
laboratory studies é- 
temegiohin, WBC, fasting 
“er function siudies, en, 
PUL were within normat } 
oar exrmal (206 ec/l(*) 
100,000 j00.@ ye! was not obtrined Ar 
frame of the sku els, 
*seele were all norma! 
Sov tur puncture evar inst 
fouring her stav in the 
tied taking a! vitami 


Date 


duly 23, 1960 
{(controt} 23 ° 

duly 1960 to 
January 1961 

January 1961 lo 
Juty 1S41 

Decemricr 1961 to 
June 1462 

July 1962 te 
Decemier 1462 

Januaty "96410 
SUP US mUn 


123.165 600 000 


$484 100,000 136.6 


400,000 $00 ¢ 


$00.000 


OOOTTATUO0; and seroloxic test fur syptula » 
teactive. Repeat lumbar paincture eight < 
later rcvealed an opening pressure of 40) 715s of lyophilized urea ir 
of CSE, the fluid wa clear and colorles. 1° 7+ dase On Nov 2t, 1 
protein devel was 42 mp/i00 ml; and nor «'> ophthalmol..zi 
were seunt valet lewcnivg of the — 
Vitamin A was discustinucd at the te tet.rleral felts shoved ¢ 
admission. On Oct 21, 1964, the patient by to preaching normal 
pacumocncephalopram which way comes Re patient was dechor, 
normal During the period of hosmitslar t--} hae had no recurre: 
his nevrulogeul exanuacation, other tha tieclema. Vitamin A wa, 
eye findings, remuined within nomnd f: oe 
Followans cisharge from the hospital, the; Coma; 
edema art visual fir ld defects rectum Tun forms of vitunta’ 
hermal in six weeks. ‘The patient contine< ererally recognized. > 
have gradually decreasing frontal headache aS ; eis et 
three months, but since then has been e '" “itamin A intoxi! | 
pletely asymptomatic from a neurological: © 7 ?alized as well a; ee 
point “m 'CNS) Symptoms 4, 
Cast, 2—A 20-year-old white female It 7 INV by Elisha Keor- a 
lery techniciaa was admitted to Jeferen” * He recorded Sy™matr, 
seal Coblere Hospital on Nov 16, 1960, s° ‘+ wiliehe that would ¢r:° 
cluef complaint of double vision, first nec” ~~ the inerstion 
days price ta admission General medical *. + ich Later wae foun ; 
ty revealed that the patient had been ti... -.9 ntration of vite; 
100,000 units of vitamin A daily for ace <atury later, acute hy re 
approaimately 34 years prior to the om dc tvedt in adtulls an: 
symptoms On Oct 29, 1960, the patient ep ee L rare 
enon! the sudden onset of horizontal eo te ee Ae tes ” 
which was accentuated by focusing on & ' We foms were reutely ; 
abject. She’ denied any symptoms of heat» 7! frantal headache, n° 
decreased visual acuity, focal weakness, ge” 7? drowsiness, and irri? 
tuniss, of other nourvlogical symptoms Bo Acut intoxication wih. 
eral papdiedema was seen in the Eye Cl: “sa fram accidental ow! 
Deller: Afechond Cot gs Bisnjiitel oa Nat: i~ documented by! 
1960 fled vitamin A levels! 
General nedcul caumination was me 1°58 by Marie and She. 
‘There was no hepatosplenomegaly, tyme She fontanelles, vern’!} 
nopathy, or bone tenderness. Ophthale: rte peeeont Cerebro 9! 
examination tevealed 3 to 4 D of papa vs bu 1 Sy eat | 
Wilaterally, ‘There were many small te 3 elevated. $ “dui iite ia tt 
thagey, nbout the edpe of the elevated ¢ “1s after cessatinn 
The retinal veins were distended and pas ' ** hw olrocephalus of ir! 
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CHLEZINGER INTRACRANIAL HYPERTENSION—FELDMAN & SCHLEZINGER 


of Serum Vitamin A Leve’ \ 3 sapression. No other funduscopie, pupil. 


inteke (Case 1) 


a eee 
Vilamna 
Dosoge 


(unite/day) 


lena 
um Level 
4,60 my 


C) 
£00,000 
100,000. 150,0¢ 
400,000.$00,0 


490 100,000. 300,c¢ 


8-130 600,000 


‘opie test for syphilis, r 
thar puncture eight ¢ 
nig pressure of 430 r 
# clear and colorless; t 
me/100 mil; and no ¢ 


ontinued at the time 
‘!.1964, the patient h- 
t which was con: 
feerion! af Tunes ate 
than 
xt within normal fi 
am the hospital, the r 
field defects returnet 
» The patient cuntinuc! 
“sing frontal headache 
ae then has been ¢ 
‘{rora a neurological ct: 


sinatinn, other 


Old white female tal 
tmitted to Jefferson 
on Nov 16, 1960, wi: 
ible vision, fire note? 
n. Gencral medical h 
Patient had been ta! 
iin A daily for acne, 
irs prive tu (he onset 
1960, the patient ex; 
4 of horizonta’ dip! 
t by focusing en di 

¥y svinptoms of. head- 
4, focal weakness, | 

Nopical evinptoms 2 
cen in the Eye Chi. 
ege Hhapital on Nu 


Aamienation woe nen 
Plenomezaly, Ly mp!. 
~ derness. Ophthal’ 
fe 4D of papille’ 
fe many asall he 
1 of the clevated é 
distended arn! pul 


«1 extraocular muscle abnormalities were 
‘t Penpheral visual field examination Te- 
ustontucement of the blind spots bilnteral- 
Me sisual acuity was nonnal Wlaterally, 
Mw temainder of the nevrological examination 
tre epletely normal 
Lsvrtery studies including hemntoent, 
fing Lin, WBC, ” sting Llood glucose, BUN, 
t fntion studus, serum electrolytes, and 
*Tl¥ere within normal timits,. Se rum caruteny 
ste mnpal (0.06 vg/100 m'), but a vitamin A 
‘<1 ¢38 not obtained. An 1:CG and rocntrena- 
cos ef the shull, chest. aml bones of the 
Yes were all normal. The patient refused 
1’. puncture examination 
Uo r-g her stay in the hospital, the patient 
od thing all vitamin A ond received 7 
«fl lyophilized uren in 10°, invert sugar in 
Z.0t On Nov 24, 1960, eight days after 
~ "42, ophthalmologic examination re. 
ead beening ef the papilledoma and the 
‘etl fields showed the blind spots to be 
~ + Ming normal 
“e pationt was discharged on Nov, 24, 1960, 
"st hod no verre of syinpfomea or 
ima Vitamin A was discuntinued, 


Comment 


“+> forms of vitamin A intoxteation fre 

“vw reeognized, acute and chronic. 

‘= \vitsmin A intoxication resulting in 

‘red as well as central nervous sys3- 

> ENS) symptoms was first alluded to 

*t-"Sby Elisha tame! the Arctic explor- 

“s recorded symptoms of vertigo and 

‘*= that would transiently occur fol- 

“: the ingestion of polor bear liver, 

* Ofer was found to contain a hich 

“tation of vitamin A! Nearly one 

“ty Uler, route hypervitaminosis A was 

~ din adults associated with ingestion 

& liver, sho rich in vitamin A.15 The 

“8 Were acutely maniicsted by vio- 

~* "seal headache, natisen, vomiting, ver- 
? .siness, and irritability. 

intoxication with vitamin A in chil. 

orm accidental overdo. of vitamin 

@ocumented by abnormally high 

‘ol viemin A levels, was described in 

“bY Marie and Sce!@ Markod bulging 

‘ “e¢ rtamlles, vomiting, and drowsiness 

tweeat. Cerebrospinal fluid: pressure 

+ anted. Semptams cleared within a 

‘e nfter cessation of vikamin A. This 

Zeeephalus of infancy secondary to 


hypervitaminosis A could only be duplicated 
by using natural vitamin A by mouth. Nei- 
ther erally administered synthetic vitamin 
A, nor parenterally administered natural vie 
tamin A caused any abnormal effects. 

Chronic vitamin A intoxication was first 
described in a child with general systemic 
symptoms only..'7 Tn a later report, Gribetz 
et al!'8 observed a child with enlargement of 
the hend and slight dilatation of the lateral 
ventricles seen by pneumoencephalogram, 
These findings v:o revecsed upon reduction 
of viamin A. 

The first documented case of chronic «ita- 
min A intoxication in adults was reported 
by Suizberger and Lazart!? fr which only 
general systemic symptoms were present. 

The initial description of neurological 
signs and symptoms sen in chronic hy pervi- 
laminosis A was presented in 1954 by Ger- 
her ct al! who noted the progress of a 
21-year-old woman who had beon taking 
high doses of vitamin A for one year when 
she developed diplopia, headache, nausea, 
and blurring of vision. On examination, she 
was noted to hive blurred dise margins. 
retinal hemorrhage on the right dise, and 
end point nystagmus, While under observa- 


‘tion over a period af 7, years, and continu- 


ing her intake of vitamin A, she developed a 
definite increase in her choked dise, pro- 
fressing to eventual optic atrophy. Ventricu- 
lography revealed very slight dilatation of 
the lateral ventricles with no shift of posi- 
tion. She was treated by a subtemporal de- 
compression which stopped bulging ten 
weeks after discontinuance of vitamin A. 

Tn 1958, Oliver and Havener!® described 
ao i4-year-old irl who had been taking 
200,900 units of vitamin A for treatment of 
tiene vulgaris during the ten months prior to 
admission, She presented with dry skin and 
joint pain, and had no CNS or visual symp- 
toms. Papilledema was discovertd as an in- 
cidental finding, Lumbar puncture revealed 
opening pressure of GOO min ef CSF with 
nonnal valuce for cells, protein, and glucose. 
Within one month after discontinuation of 
the vitamin A, the papilledoma subsided, 
and her cyegrounds were noted to be normal 
at that’ time. 

In 1960, Morrice et al! deseribed twa 
additional cases of pseudotumor cere bri in 
young adults on long-term vitamin A thera: 
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Table 2.—Summary of Clinical Date in Six Pallents With 81H Secondary fo Vitamin A tntoxicatice 


initial 
Neurological 


General Medical 
Sex Symptoms 


Symptoms 
14:2) F (5) Joint pain 
Ml) Ory shin and mucus 
" membrane 
Shin rash 
Hair faiting out 
Ot\gohypomenorrhea 


Papiliedema (6) 
Diplonre (4) 
Blurred vision (1) 
Headache @3) 


py. The first, a 16-year-old girl, was recciv- 
ing 90,000 units of vitamin A a day when 
she developed skin and hair changes, Fun- 
duscopic examination revealed bilateral ele- 
vation and blurring of the optic discs. Elec- 
troencephalogriin and pneumoencephalogran 
were normal. Her papilledema persisted for 
several months after cessation of vitamin A 
ingestion, then gradually cleared. ‘The second 
patient was a 15-year-old girl who had been 
taking oral dows of vilamin A ringing from 
50,000 to 200,000 units per day. Duration of 
vitainin A dosages was not noted. She also 
preented with dry skin und mucous mem- 
brane, joint stiffness, somnolence, diplopia, 
headache, tinnitus, anorexia, and nausea, On 
examination, she was noted to have bilateral 
papilledcma, splenomegaly, and a thinning of 
hair texture. Neurological examination was 
otherwise normal, as were her arteriogram 
and pnewnoencephalogram. The papillede- 
ma resolved five months after discontinua- 
tion of the vitamin A. : 

A summary of the clinical data of patients 
with RIH secondary to hypervitaminosis A 
is seen in Table 2. : 

Experimentally, increased maternal vita- 
min A intake during gestation produces hy- 
droccphalus and exencephaly, along with 
other congenital anomalies in newborn 
animals.t2°.121 Conversely vitamin A de- 
ficient newborn and adult animals also de- 
velop an increase in both CSF pressure and 
volume!??.123 with hydrocephalus present at 
autopsy.2741°3 Aquceductal stenosis'?¢ or dis- 
turhance in skull bone growth were thought 
to be possible contributing factore.!"3 The 
severity of this hydrocephalus was related to 
the dcgrce and length of vitamin A de- 
ficiency, and was reversible by vitamin A 
therapy.2%6 

Clinically vitamin A deficiency in babies 
has resulted In hydrocephalus which re- 


‘ ¥ 
iene intinccitimeeretnctnnneans Mac Sth cine aes 3 | 


E347 


INTRACRAN!, | 


Meningeal Hydrops: A Sya! | 
lowing Infection in Midle F.- 
Necrologes Heady, Amer J Ophthal 20-3 
Symptom & Rove, A, and Siatum, 
AtterVitame al Hypertcusion in Children, 
Indication Oscontinue (Feb) 1967, ‘ 
Acne (4) Sweess 8 Tush, BL, et ak Pre! 
Keratous Emo Historical and Cinieal Revie | 
fotiicularie (b> §8.155-261 (Nov) 1963. 
7. Foley, J,: Benign Forms 
tension—“Tori?” and “Ouuc” 
————— TALL (March) 1953 
4 Tkenh, 8, and Sctlevinn 
sponded promptly to vitamin A.'27-129 Ag Quadrantanopsia in Pacurs 
ciated neurological findings including ne Neural 1605-019 (Deep (059. § 
rigidity, spasticity, hyperactive refleacs, a)" Teren Intreranul # 


f Bat Med J 4:207-208 (ain) ¥ 
ao bulging sntcrior fontaneclle were a 10. Zuidema, GD, ant Co! 
promptly reversed. 


Carebri, d Neurosurg Witt 
Although vitamin A deficiency in ad: 


Duration Daily 
on Amount 
Vitamin A Vitamin A 
10 mo- 25.000- 
aye $90,000 
units daily 


IL. Sidell, AD, and Duty, | 
has been associated with night blindn ‘¢Phalorcam in Cases of Lens | 
‘ 5 : ei tension, Neurology T:4LL4i7 
and perhaps keratosis follicularis,"'? no n 12. Sohs, A.t., and Jmet, 
rological signs or symptoms, either psex Unknown Cau, Neurology 8: | 
tumor or others, have so far been reporied 13. Lysik, WIR, and Sn 
Followup on Patients With | 
mut Cordwi, J Neurosurg 25: 
V4. Millihip, 2G: Berig | 
Two cases have been presented of chra tension and Otitie Hyd: 
vitemin A intoxicstion in young adults, "1297-258 (keh) 19%0, 
sulting in the syndrome of pscudotumora., 1 Svmonds CPR: Hyd 
: A si : . Cembral Symptoms in Hels tie 
cbri or benign intracranial hypertens Gt the Dial Sina aaa! 
(BIH). Clinical and experimental obsen co-c.2a (Dec) 1937. 
tions of the relationship of vitamin Al. Martin, LP: Siane ¢ | 
cerebrospinal fluid (CSI) are reviewed, f! flakes Fongitudinal Suus 
apparent that both vitamin A deficiency z Hale agen a 
hypervitaminosis A can be associated wit aes 


17. Mervacque, A, et at: 
rise in CSF pressure,.}3° Operation at the Level of 


Skin, mucous membrane, joint, and m Ophthal Franc 65:135-196 (Fe 
culoendothelial changes in a patient Pegi oi ay ey Be r 
. . wu er < 
BIH should alert the clincian to the pos Le cone 


be : : ‘ Mavo Cin 30:5035-517 (Now) 
bility of vitamin A intoxication. Hay, BS, and Dunhn 


This Investigation was eu ted in part b the Durat Venous Sinunet 33 
No. NB 513012 from de Netionst TTaatiiees mor Cerebri", Ann Sure 13:7 
Health. 2. Symonds, C.P.: Otitie + 
wey 6:G81 CHS (Ont) 195K, 

2! Mones, RL: Increased 
ue to Metastatic Disease ov 
eology 15:1000.1907 (Now) 16 

22 Kinal, MUE.: “Traumet 
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Ilypervitaminosis Causing 


in adults,t t= aithough frequently re- 
Pseudotumer Cerehij 
enh 


ported in children. In None of the 
cases adults or children - has prapil- 
ledema been the only finding. 

The smiesxt dose of vitamin A 

Mptoms in an 

n during un 

‘le recovery 

$ when ad- 

| {amin A is stupped, 

| All previous pationts described had 

| musculoskeletal symptoms; five pa- 

| tients had hair loss, and hepato- 

megaly was found in fy e. Only three 

| of the seven adults had any neuro- 
‘ logie findings, 

The evidence of 
cerchri in this case is based on in- 
creased intracranial pressure, us 
manifested by papilledema and 
diploplia, with a Hhormal brain sean 
and normal skull roentyenograms, 

‘he disappeurance of the signs and 
symptoms, with concurrent 1 ic. 
tion of serum vitamin A ton normal 
level over a Period of several 
months, is given ag evidence that 
vitamin A was the causal agent.” 


Mictian $ Frootin MD: 
lhuke University 
Durham, NC 


ees 
To the Editor. young woman 
with excess vitamin A intake pre- 
sented with headache, diploplia, 
and papilledema which regressed 
when the taking of the vitamin wis 
stopped. This is an unusual case in 
an adult, with Pscudotumor cerebri 
as the only inanifestation of hyper. 
Vitaminosis 


Repor: of a Carwe.~An 18-year-old 
female student entered the Ohio State 
University Hospital on Dec 3, 1968, 
complaining of double Vision and head. 
aches. For the Previous three months, 
she had noted Nonspecific pencratized | 
headaches. One month prior to admie | 
Bion, she noted the onset of a tubbing 
Hose in her cisht car An! peripheral 
Visual difficulty, Five dave before ad. 
Mission she developed Persistent di. 
Ploplia and paplledema, Vhere were 
no other symptom, 


| 
i 
| 
Vitamin A tablets, 50.000 units three | 


pseudotumor 


times a day, had been presenbed four 
years previously, She had a mild case 
of acne and was even tetracveline in- 
fermuttently durin: this four-vear pe- | 
tiod. She had been taking vilamin A ! 
regularly, but no tetracycline in the | 
Previous ten months i 

The pupils were equally reactive to | 
light: the sclera were clear, and both 
fundi shawed 4-dtopter pamile toma, 
with oo small eau late in the tight cye 
and a amall fresh hemorrhage gn the 
left eve. Visuat acuity was 20/20 br. 
laterally. with chlargement of both 
Numerous laboratory and 
fadolagical fintings were normal. The 


Y Kune EK: Ante Piplocations Vhitatel. 
Whia, Chile & Vetersen, V7, vol toon crn 

2 Imbhun bh A Thousand Dave tn the Ase. 
j fe New York Hhaper & Unuthees, Teed vet go, 
OM wd ts, 
| 2 Bulut K. Manre T. Vitamin A content and 
| forseity of bene orl eeul fiver Miohem J 371G, 
La 
| 4 Bituleo Be Vitamin A intonicution Kepenrt 
Safa cise in an adult New & ned Med Bssew. 
1 Gee. tae, 
H 5S fiock Hts Chronic hepertiteininasia a: 
fj Heport ofa p vbutle case in a man Atian Med 
} Meet pss 
P&E RA, Dryer RI Myrersituiminenie 
| A Heport ofa Fexe in en adult JAMA IGELLST. 
1 M8, tye, 
{ 7. Gerber AL Rash Al. Sobet AB: Vitamin A 
jf  Betwerins in mints With dew rption of a cow 
Amer d Med Wt) 745, eg, 


grade 1h diffuse Pactern, which was 

fonsistent with increased intracranial 

Pressure. The serum carotene value 

was 102,p 100 mi (normal, 100,.¢ to 

One). and Serum vitumin A was 384 : . He 

international units {normal value for | # Shaw EW, Nicenti JZ Wypervitaninnie 
r ar A Meport of a case en enatult male. Ann inten 

alults 150 to 250). The Patient was ad. Med YI TM bg 

Vised to discontinue taking the vitamin # Sone WH: Vitamin A intoricution te 

. and exa Wnation six months later adults, Ncw Pine d Med 265 WEbI7I, det 

oe ate : ee . 10. Sulsterger MIN, Lazar MU. Hy; 

tevealed no Papilledema, a normal tmin A> Mtepert of a 

blind spot. and a Vitanon A level of 35 { 246: 788- Th Pet, 

#F/100 mt (normal, 200g to ROn/ 100 | 

ml: by a different mcthod) H 


oa Acid Therapy 

To the Edttor.~The Food and Drug 
Adminktration hag recently stated 
that unless further information is 
made available regarding the effica- 
¢y of the oral form of edetate cal. 
cium disodium (EDTA) that after 
six months, this form will be re. 
inoved from the murket. 

Recently, during, the Sereening 
of six workers in O\stained glass 
window factory, three\were found 
to have elevated blood lead levels 
(> 60.g/100 ml). Since two of 
these three Patients’ blood levels 


Comment.- Elisha Kent Kane in 
1857 described “Vertigo, diarrhea, 
ond their concomitants,” after a 
meal of polar hear liver.' Frederick 
Jackson in 1899 described head. 
aches six hours after cating polar 

ar liver on two different. veca- 
tions? 

In 1942, Rodoht and Moore iden- 
tified the toxie substance in polar 
bear liver os vitamin A. When the 
liver was freed of vitamin A content, 
no toxic symptoms resulted? 

Seven cases of chronic vitamin A 
intoxication have been documented 
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¢ only slightly clevated (BL pg/ 

» cach wus treated with an 

Oral\ course of edetate trisodium 

nate Sodium), 4 «m Agity fo- 

vys, with reduction of blood 

lead levels to normal. (The third 

cise with much higher tevels was 
treated Prenterally, ) 

Becauso of other experience'* 
which would favor the efficacy of 
Oral adiministration of EDTA hy 
varied criteria, it Appears to us that 
the 6-month Period is inappropri- 
ately short to abtain suflicient dita 
for documentation of eflicacy by 
the Federal Drug Administration 

| (MDA). This is particulacly true 
because of our Current: protection 
BRAinst environmental hazirds of 
lord and the relatively restricted ox: 
Perience possible te any single phy- 
sician or investigator, | 

| It would appear to us to be appro- 

priate for all interested physicians 
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“ce we © 


Re. 
Pee, 


<@pwe.: 


‘ <= ae se ‘4en 
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to submit case reports directly to 
the FDA in objectively document. 
ing their experience with oral ad- 
Mihistration of edetate calcium di- 
sodium. To abruptly remove this 
drug from the market could have 


deleterious eflects on American puh 
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HALIBUT LIVER POISONING IN 11 FISHERMEN 


J. P. Nater and H. M. G. Doeglas 


The Hague and Rotterdam, The Netherlands 


Abstract. Eleven fishermen developed symptoms of acute 
vitamin A poisoning $ hours after cating fiom 20 to 
300 ¢ of fried halibut liver, containing approximately 
2-30 million units of vitamin A. The liver came from 
an unusually large halibut with a length of 2 m, which 
had been caught in the North Atlantic. The case history 
of one paticnt is reported in detail. The most striking 
symjMom was the generalized desquamation of the skin, 
beginning 24 hours after the meal. Scrum vitamin A 
levels were elevated in all, 


Acute vitamin intoxication have been described 
as carly as 1597 (20), but have only been recog- 
nized as such since the work of Rodahl & Moore 
in 1943 (17). Most descriptions were related to 
the eating of liver of polar mammals and fish by 
arctic travelers (3, 8, 9, 12, 19). i 

Recently we had the Opportunity to observe a 
small epidemic of vitamin A intoxication in a 
Sroup of 11 fishermen who ate fricd halibut liver. 
They developed characteristic skin- znd general 
symptoms and clevated serum vitamin levels. The 
Most severely ill patient could be followed during 
the whole course of his illness, the others were 
followed at intervals. ‘ 

Since such descriptions in the medical literature 
are relatively rare (1, 10, 13, 15, 16), we would 
like to record our findings. 


Epidemiological daia 


On January 28, 1969, the trawler “Alida” (Scheve- 
ningen 6) was fishing near the Lofoten islands 
off the Norwegian coast at 70° N latitude. 
Around 5 p.m. the nets were hauled in. During 
the “stripping™ of the catch, the liver of a very 
Jarge halibut (length about 2 m) was put into the 
“refrigerator for the crew's supper. It was fricd 
Jater in large slices in salad oil and served with 
bread and salt at 7.30 p.m. The first engincer 
who did not like liver, did not join in the meal. 


i 
' 

AU 9 p.m. when the nets were hauled in again, 
everyone felt well. At 1 a.m., however, when the 
whole crew turned out for work again, all except 
the first engineer bad become ill. The men com- 
plained of uli heavy headaches, dizzyness and 
nausea; 4 men vomited. The next day all men 
appeared to have redness and desquemation of the 
skin. All but one sailor felt better, Appetites were 
normal. When the home port, Scheveningen, was 
reached several members of the crew visited their 
family doctors to show their red, pecling skin. 
All were able to sail again a few days later. 


CASE REPORT : 

One sailor, however, had symptoms severe enourh to war- 
fant consultation of a dermatologist. This was on Feb- 
tuary 6, one week aftcr the ingestion of the fried liver, 
The sailor was o 23-year-old heavily built man with a 
weitht of 90 kg and a height of 176 cm. We had eaten 
the largest amount of liver, approximately 300 g The 
day aficr the meal he still felt dizzy. His face had been 
ted and swollen, his arms, Iegs and chest also had shown 
ctythema. There were no skin changes on the back. His 
temperature (taken £y the skipper) had been normal. 
Patient had not vomited, there was no diarrhoea and his 
Oppetite was good. 

Dermatological examination showed slight desquama- 
tion of the skin of the nasolabial folds, the presternal 
arca and the medial side of the upper Iegs. There was 
no erythema to be observed. The main skin chances were 
Coacentrated on the palms of the hands (Fig. 1) and 
the soles of the fect. Ihe palnis were markedly erythema- 
tous.and edematous; the horny layer was desquamating 
in thick yellow sheets. In the center of the palms, the 
skin under the loose layers of keratin contained air, 
The dorsal sides of the feet and hands showed onty 
slight erythema. A punch biopsy was taken from an 
arca of the left thenar which was not yet desquamating, 
on February 8. 

During the following days there was marked improve- 
ment in the condiidn of the palms. Three weeks after 
the incident the skin of the palms had healed and only 
slight erythema was Icft. The desquamation of the skin 
of the soles started much later. It reached its maximum 
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